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Increasing worldwide demand for animal protein, growing pressure 
on the available cereal grains by a multiplying world population and 
greater availability of United States agricultural products worldwide 
make it imperative that beef volume and production efficiency increase. 
Consumer demand for a lean, high quality, trim product dictates pro­
duction of rapid growing, efficient beef animals with minimum fat 
deposition at market weights. In the face of increasing demand, 
governmental constraints in the form of economic controls, ecological 
considerations and restrictions in the use of antibiotics and growth 
promoting agents force the beef iniustry to examine and improve 
production efficiency. · 
Currently, packers place a premium on high yielding cattle in the 
choice quality grade. Most packer costs are on a per head basis and 
thus they are ·concerned with maximizing total carcass weight processed 
through their plants. Feeding costs, however, soar as cattle are fed 
to heavier weights. Most feedlot cattle are fed high concentrate diets 
during this "fattening" period as a greater percentage of energy intake 
is producing fat. Cattle on a low concentrate ration are less efficient 
as less energy is left for production after maintenance requirement is 
met, and a longer feeding period is required. 
Increasing competition for feed grains by an expanding human 
population and a growing demand for a trim, lean product make it 
important to find management systems which will optimize beef production. 
Economic changes in the inputs required for beef production may force 
- management changes. Optimization of ration energy content and final 
slaughter weight offer possibilities for increasing bee� production 
efficiency. 
2 
The purposes of this study were to evaluate ( 1 )  the effect of a 
light or heavy market weight on carcass composition, ( 2) the effect of 
ration concentrate level on quantitative and qualitative carcass traits 
and (3) the influence of ration concentrate level on carcass composition 
in different sex groups of Hereford cattle. 
REVIEW OF LITERATURE 
Effects 2£. � Group and Ration £.!! Feedlot Perfonnance and Carc ass 
Traits 
J 
Riggs !:! al. (1967) conducted a study comparing 48 Hereford bulls , 
60 steers and 30 heifers fed either a 50% or 70% concentrate ration. 
Several feedlot performance and carcass characteristics were studied. 
The bulls grew faster and had greater feed intake and feed efficiency 
than the steers and heifers. Bulls yielded he avier c arcasses and a 
higher percentage of boneless , -trimmed retail cuts.· Moreover, bulls 
produced boneless beef at 11% less cost per unit weight than steers. 
Laflam.me and Burgess (1973 ) studied the effects of castration, 
energy intake, hormone implants and their inte�actions on the rate of 
gain, feed intake and feed efficiency of 108 beef males.  Consumer 
acceptance was similar for bulls and steers. Bull c arc asses produced 
a higher percentage of edible meat in the chuck , flank and shank than 
the steers. However ,  the steers had a larger percentage of edible 
portion in the sirloin. Steers fed the high energy ration were more 
tender than the steers fed the low level. The bulls grew faster 
(P <. 05 ) and more efficiently than the steers at all energy levels. 
The effects of castration on perfonnance and c arcass charac­
teristics of monozygotic bovine twins has been studied by Warwick !! al. 
(1970) .  They c astrated.one member of a pair of 18 sets -0f twins, while 
11 pairs were fed with both members of the pair either c astrated or 
intact. '!he bulls had a 23% higher rate of gain, a 16% increase in 
efficie.ncy of gain and a 12% higher yield of lean from the 9-10-ll rib 
4 
cut. The steers had significant or highly significant ·advantages in 
carcass grade, marbling and flavor. Tenderness and other palatability 
characteristics had only small and nonsignificant differences but with 
trends favoring the castrates. 
The effects of sex alterations on growth, carcass traits and 
consUI11er acceptance.,,of beef h�ve been studied by Ray et !!!• (1971). 
The four groups in the study included short ·scrotum., castrated with 
elastrator bands, bulls and heifers. The calves were fed a 93% concen­
trate ration from 3 months of age up to slaughter weights. Short 
scrotum·bulls and steers gained faster than bulls and heifers. On 
their large scale consumer test, retail cuts from the bull carcasses 
were the most acceptable when evaluated for taste, tenderness and 
overall acceptability. Consumers objected to the larger quantities 
of seam fat in the steers. 
Hedrick, Thompson and Krause (1969), when studying the· feedlot 
perfonnance and carcass characteristics of half-sib bulls, steers and 
heifers, found that total·weight and percent retail cuts were consist­
ently greater for bulls than heifers and steers. Ether extract and 
quality grade, however, were lower for bulls than heifers and steers. 
Warner-Bratzler shear and taste panel studies indicated that steaks 
from bulls less than 16 months of age were comparable in tenderness to 
steaks from steers and heifers of similar chronological age. Steaks 
from more mature bulls, however, were less tender. Hedrick and 
associates concluded that flavor and juiciness of cooked steaks were 
not significantly affected by sex condition. 
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Champagne et �· (1969) designed an experiment to compare the 
feedlot performance , c arcass characteristics ,  perc ent edible portion and 
palatability of beef produced by steers castrated at four different 
ages and half-sib bulls. 
The bulls gained faster and more efficiently, had higher 
dressing percentages and yielded 4% more boneless , trimmed retail cuts . 
The c astrates produced higher quality grades, but no difference s  were 
found in either Warner-Bratzler shear or taste panel data for tenderness 
among groups.  Physic al separation data r.evealed that the U.S. D. A.  
formula 'for boneless , trimmed retail cuts underestimated the true yield 
of bull carc asses by approximately 2% in this study. 
Klosterman et al.. (1954) conducted an ex:oAriment to studv r�.t� 
...  .- ....-. . . . - .. 
and ec onomy of  gain in the feedlot and the c arcass quality of Hereford 
c alves c astrated at 1 month or 7 months of age to those fed and 
slaughtered as bulls . Age of castration had little effect on final 
feedlot performance or carcass composition.  The bulls ,  however , grew 
faster on less feed and produced heavier muscled , trimmer c arc asses.  
Champagne et &· (1964) conducted a similar experiment with 
early castrates, l ate castrates and bulls.  Sixty Hereford half-sib 
males were assigned to three treatments at weaning. Average daily gain, 
d
_
ressing percent and fat thickness at the twelfth rib were 2.  J, 2. 2 and 
2.8 lb. per day; 59.3%, 59.8% and 61. 1% and 0.40, 0. 35 and· 0.25 inch, 
respectively, for the early castrates , late castrates an:l bulls . Bulls 
had a lower marbiing score , but a higher percentage of their c arc ass 
weight was edible portion. Preliminary consumer studies revealed no 
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statistical differences in: tenderness and flavor between the steers 
and bulls. 
The studies of Prescott and Lamming (1964),. Tanner� al. (1970), 
Wilson � _!!. (1969) and the review by Field (19?1) all showed that 
bulls gain faster and more efficiently and produce heavier, trimmer, 
more muscular carcasses that yield a higher percentage of edible portion 
than steers or heifers. Steers and heifers generally achieve higher 
marbling scores and carcass quality grades when fed for the same length 
of time or to the same final weights. 
Bidart, Kock and .Arthaud (1970) evaluated the comparative energy 
use in bulls and steers. The relationships between energy consumption 
and carcass weight gain were compared in bulls and steers. The carcass 
weight gain was divided into edible product and carcass trim. 
Statistical analysis of the results from the 218 Angus cattle used in 
the study in:iicated that the digestible energy requirement per kg. 
edible portion was significantly less in bulls than steers. The 
percentage of fat in the ribs from the bulls fed high levels of energy 
was only slightly higher than f'rom bulls fed low levels of energy. 
Bulls were significantly (P <. 01) heavier, had greater carcass gain per 
day and produced more edible product per day. Maintenance requirements 
between the bulls and steers were similar. 
Stringer et al. (1968) allotted 200 steers to five lots to study 
--
the effects of full feeding for 139 to 251 days on quantitative and 
qualitative beef carcass characteristics. The first lot was slaughtered 
after 1.39 days on feed and each subsequent lot at 28-day intervals. 
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The researchers noted a slight overall decrease in rate of gain and an 
increase in dressing percent associated with extended time on feed. The 
average quality grade by lot did not improve significantly a�er 195 
days on feed. 'lhe most marked effects of extended feeding from. 139 to 
251 days were an increase in percent fat and a decrease in percent 
retail cuts. 
Zinn, Durham and Hedrick (1970) designed a similar experiment to 
evaluate feedlot growth characteristics and to document carcass grade 
factors of steers and heifers �t JO-day intervals over a 270-day 
feeding period. The 100 head of steers and 100 head of heifers were 
fed an identical ration. Ten steers and heifers were slaughtered after 
('\ 'lf\ ... . ""' ... ' ,,, " ..,. ..._ v· 1 240 �d 27() dQ.ys Ori. fead.. 
In this study average daily gains increased with increasing time 
on feed to 180 days. Al.though the steers outgained the heifers, the 
difference was not statistically significant. Moreover, steers reached 
any given quality grade 30 to 60 days earlier than heifers. Marbling 
scores and carcass grade increased significantly up to 240 days on 
feed. The data further indicated that steers and heifers deposited 
intramuscular fat at a similar rate and that the deposition of marbling 
was not a continuous process but proceeded in a stepwise pattern at 60-
to 90-day intervals. 
Arthaud et al. (1969) compared the carcass traits of 157 Angus 
bulls and steers fed for two time periods. The young group averaged 
445 days of age and the old group 480 days at slaughter. The inter­
action between sex group and days of age was signifcant for lean color, 
texture, marbling and c arcass  grade. Bulls produced 13. 2 kg. more 
total retail product than steers of equal c arcass weight while 
consuming 141. 0 kg. less total digestibl e nutri e·nts . Al though there 
were no di fferences in rib and loin weight , bull rounds and chucks 
8 
were heavier. Warner-Bratzler shear values were 5 . 0 kg. arrl 6.3 kg. for 
the steers and bulls , respectively. It was observed that the steers 
had a finer textured , lighter , more cherry red colored lean and less 
variation in tenderness.  
Meiske et al. (1970) f�l fed heifer , steer and bull c alves to 
a 14-month slaughter age. The bulls poss essed signific antly l ess 
measurabl e fat over the twelfth rib ( P  <. 01), a lower percentage of 
_ kldney, !'el vie and he 13J"'t f�.t (P < o 01 } ::il')d le�A l'llP-�hli�g; Th��ef��e. 
bull carcass quality grades were lower (P <. 01) than steer or heifer 
grades . Steers had more marbling , higher confonnation scores and more 
desirable yield grad es ( P <.. 05) than heifers. Warner-Bratzler shear 
results indicated no significant difference in tenderness due to sex 
group . The trained taste panel found no significant sex group differ­
enc es in flavor or tenderness . 
Quantitative Carcass Evaluation 
'!here exis�s great variation in the c omposition of beef 
carcasses.  Much work has been done to fi nd easy and accurate ways to 
detennine beef c arcass composition. Carc ass evaluation can be a 
valuabl e  aid and.test of livestock breeding and management progress 
toward the goal of high quality lean meat from high yielding carc asses . 
Rib eye area has long !eceived attention in beef carcass 
evaluation as it is a measure of the largest and most valuable muscle 
9 
in the carcass. Cole, Orme and Kincaid (1959) conducted an experiment 
to study the relationship of rib eye size and separable lean of various 
beef cuts to total separable lean of the carcasses. The study involved 
50 steers, 9 heifers and 9 cows of British, Brahm.an and large and small 
dairy breeding. Statistical analysis of the lean, fat and bone 
separation data from one side of each carcass resulted in a correlation 
coefficient of 0.45 between rib eye area and total separable carcass 
lean. Correlation coefficients of 0.96, 0 .81, 0.85, o·.94, 0.82 and 
0.76 were o btained between total separable lean and the lean from the 
They concluded that separable lean from. these cuts, especially the 
round and rib, was a more accurate predictor of total carcass lea.l'l. than . 
rib eye are a. 
In a further study, the same workers obtained physical separation 
data from 81 steers, 9 heifers and 9 cows (Cole, Orme and Kincaid, 
1960). The animals weighed about 900 lb. and had· approximately 500-lb. 
carcasses. In this study, rib eye area was associated with only 18% of 
the variation in separable carcass lean. They concluded that the high 
relationship which existed between the lean content of the round and 
total separable lean from the carcass (r = 0.95) made round physical 
separation an accurate indicator of total carcass muscling. The 
equation expressing the regression of separable carcass lean on round 
lean was calculated as Y =·137.62 + 2.94 (X - 37.44) with a standard 
error of 4.38 lb. of separable carcass lean. 
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Murphey� al. (1960) developed a regression equation useful in 
estimating the yields of retail cuts from beef carcasses. Results 
were from severBl years of study on 450 beef carcasses and over JOO 
live cattle. The most useful arrl accurate prediction equation was 
percent of boneless, trimmed retail cuts from the round, loin, rib arrl 
chuck = 51.34 - 5.784 (fat thickness over the rib eye in inches ) -
0.0093 (carcass weight, lb. ) - 0.462 (percent kidney, pelvic and heart 
fat) + 0.74 ( area of rib eye in square inches ) . In cases of unusual 
fat deposition patterns, improved predictability resulted from a 
su.b jecti ve �d ju.stment f'f. f:lt. thi �knAss ovP.r thf' rih eyP-, Th� p�e<lici:".i,rrn 
equation developed by Murphey et£!.. (1960) is the basis of the U.S.D.A. 
yield grade and qui ta a.ccur:;.tely predicts (R2 = O. 85) the percentage of 
boneless, trimmed retail cuts from the round, loin, rib and chuck. 
Cole, Ramsey and Epley (1962) undertook a study to determine the 
relationship of pounds of separable lean in steer carcasses with carcass 
length, carcass weight, fat thickness and area of the Longissimus dorsi 
at the fifth rib, twelfth rib and last lumbar vertebra. Equations for 
predicting pounds of lean in the carcass were developed to compare the 
values predicted by the Hankins and Howe (1946) equation for the 9-10-11 
rib cut with the actual values. These data were compiled from 132 
steers of both straight and crossbreeding. 
Results indicated that, with carcass weight held constant, fat 
thickness over the rib eye was associated with much more of the carcass 
lean variation than rib eye area.  Carcass weight was more closely 
related to separable lean weight than any other trait studied . 
Two e asily obtained measurements , carc ass weight and one fat 
measurement over the rib eye , accounted for over 70% of the variation 
ll 
in separable carc ass lean. Predicted values obtained with the r 
developed equations were comparable in accuracy to tho se obtained with 
the Hankins and Howe (1946) equation . 
Ramsey,  Cole and Hobbs (1962) undertook a study to determine the 
relationship of U. S.D.A. beef c�rcass grades , proposed yield grades 
and fat �ver th� rib eye to percent separable lean , fat and bone in 
beef carcasses. Carcasses studied were obtained from 133 steers of 
Aleht h�ePn�. 
Analyses of the data indicated that the yield grade to the 
nearest 0.05 was more closely related to separable lean and fat than 
those to the whole number only . When rib eye area was omitted from the 
yield grade calculation , the resulting yield grade was more highly 
related to separable lean ·and fat. Fat thickness over the twel�h rib 
had more influence than rib eye area on percent separable lean. These 
researchers found that three fat measurements taken over the twelfth 
rib had no advantage over one measurement . In fact , one fat measure­
ment was the most.accurate predictor of separable lean ar.d fat . One 
fat measurement taken over the rib eye was correlated with· separable 
lean (r = - . 76 ), separable fat (r  = 0.82) and separable bone ( r  = -.?8). 
The correlation coefficients between yield grade to the nearest 0.05 and 
separable lean and separable fat were -.82 and 0.80, respectively. From 
this study, it appeared that one fat measurement taken over the rib 
eye at the twelfth rib was almost as accurate as yield grade in 
predicting the percentage of lean and fat in beef carcasses. 
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Bray and Brungardt (1963) studied the relationship between 
various linear measurements of beef carcasses and wholesale cuts with 
the yield of closely trimmed retail cuts from the round, loin, rib 
and chuck. Analyzing data from. 95 steers in three weight groups, 
carcass weight, rib eye area, fat thickness over the twelfth rib and 
percentage of kidney, pelvic ang heart fat accounted for 67% of the 
variation in retail yield. Furthermore, percentage of trimmed round 
and a single fat measurement at the twelfth rib accounted for 81% of 
The relationship between yield of trimmed retail cuts and 
certain carcass characteristics of beef cattle has also been studied 
by Iwanaga and Cobb (1963). Results from this study appear to conflict 
with some of the previous studies reviewed. One group of 20 steers 
used in this study was fattened on a high concentrate ration, while 
the other group of 20 steers was pastured on grass and fed a molasses, 
soybean supplement. Average slaughter weight was 1 , 049 pounds. Yield 
of trimmed retail cuts was highly correlated with specific gravity of 
the whole carcass (r = 0.74 ) and percent waste from the carcass (r = 
0.89). Low and nonsignificant relationships were found
_
between yield 
of trimmed retail cuts and average daily gain on test (r = 0.20 ) , 
carcass grade ( r = -. 14), rib eye area ( r = -.02 ) , marbling score ( r = 
-.20 ) and fat thickness over the rib eye at the twelfth rib (r = -.22 ). 
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Yield of total retail product was significantly correlated with ether 
extract of the Longissimus dorsi (r = -. 36), yield grad.a ( r = -.33) and 
carcass weight (r = -.39). 
The multiple correlation coefficient between yield of trimmed 
retail product and carcass weight and fat thickness over the rib eye 
was R2 = 0.41. In contrast to most of the other studies reviewed, this 
report concluded by stating, "In this study, information on carcass 
weight, fat thickness over the rib eye, and rib eye area had a low 
predictive value for yield of trimmed retail cuts." 
Thackston et al. (1967) analyzed carcasses from 66 steers, 37 --
bulls and 22 heifers to compare three methods used in predicting the 
percent�e of c lo�el y  t.:r.-immed re+.�.i 1 c,1ts. Rirnrl.P. �o:rr�J.Pti('!'! 
coefficients between the U .S.D.A. method, Wilson's method and the 
Tennessee method of predicting percentage of closely trimmed retail 
cuts were 0 . 69, 0.78 and 0.61, respectively. Sex did not significantly 
influence the accuracy of the estimates by the U.S.D.A .  system. 
Busch, Dinkel and Minyard (1969) in an extensive study with 
745 Hereford steers evaluated live animal body measurements, subjective 
scores and estimates and certain carcass traits as predictors of edible 
portion in beef carcasses. Slaughter weight was highly related to 
edible portion, accounting for 75 to 80% of the variation in edible 
portion. A fat thickness measurement over the twelfth rib increased 
the variation accounted for by 2 to 4 percent. 
Epley � al. (1970) developed regression equations predicting 
both weight and percent total retail cuts from prL�al cuts of beef 
292569 SOUTH DAKOTA STATE UNIVERSITY LIBRARY 
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using the right sides of 199 carcasses. Hot carcass weight was found 
to be the most valuable predictor of weight of trimmed retail cuts. 
Fat thickness over the twelfth rib was equally valuable in predicting 
percent trimmed retail cuts. The area of the Longissimus dorsi at the 
twelfth rib had little predictive value in estimating percent boneless, 
trimmed retail cuts. When the equation of Murphey et !fh. (1960) was 
applied to the carcasses in this. study, the ·percentage of boneless, 
trimmed retail cuts from the four primals was underestimated by 3.15 
percent. 
Interest in bull feeding in recent years prompted Nelms et !1_. 
(1970) to develop equations for predicting retail cuts from bulls. 
predicting weight of retail cuts had higher coefficients of determina­
tion than those predicting percent retail cuts. They concluded that 
the equations developed for steers and heifers predicted weight of 
retail cuts in bull carcasses almost as accurately as those for steers. 
· -Characteristics EJ: Beef Related 12, Palatability 
Pearson (1966) reported that tenderness is the single most 
important attribute contributing to consumer acceptability of beef. 
Means and Kind (1959), as reported by Adams and Arthaud (1970), found 
a correlation coefficient of 0.90 between consumer acceptability and 
tenderness. Since tenderness is so desirable, it is important to study 
the factors influencing tenderness. 
The influence of chronological age and physiological stress has 
been·studied by Webb, Kahlenberg and Naumann (1964). Sixty-six cattle, 
15 
12, 24 and 66 months old, were subjected to different stress treatments 
and then slaughtered. Steaks were evaluated for tenderness with the 
Warner-Bratzler shear. Steaks fran the nonstressed cattle were signifi­
cantly more tender than steaks from the stressed cattle. In addition, 
as age increased, tenderness decreased. 
The report of Arthaud (1963) agreed with th.ts, as a significant 
simple correlation coefficient of 0.29 was found to exist between 
Warner-Bratzler shear value and age of the animal at time of slaughter. 
These results were obtained from 51 Angus, 15 bulls, 20 steers and 16 
heifers. Group one consisted of 27 cattle which averaged 439 days of 
age at slaughter. Group two consisted of 24 cattle and was fed 40 days· 
two cattle. Moreover, steers were significantly (P �.01) more tender 
than bulls. 
Physiological maturity investigattons of bullocks have received 
recent attention by Mello et al. (1973). Thirty-nine Hereford, 12 
--
Ang us and 24 Holstein bulls were evaluated according to the new 
bullock standards to study relationships between phys·iological 
maturity, chronological age and tenderness. They found that the 
physiological m aturity traits observed in the carcasses were highly 
related to chronological age. They concluded, however, that bone 
maturity and final carcass maturity evaluations were ineffective for 
estimating tenderness. 
Marbling level is closely associated with the U.S.D.A. quality 
grade and thus carcass value. A tremendous amount of work has been 
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done to study the relation5hip between marbling and beef palatability. 
Blumer (1963) conducted an exhaustive review of the literature up to 
that time. In a study of 121 carcasses with ten levels of marbling, 
the correlation coefficient between marbling and tenderness was 0.26. 
With studies of about 2,600 cattle of various sex groups, ages a.rd 
breeding, marbling accounted for only about 5% of the variation in 
tenderness. 
This agreed with the work of Rogers et al. (1966) who studied 
the effects of marbling on beef _tenderness. '!hey conducted studies 
with seven levels of marbling. Twenty-two steaks devoid of marbli·ng, 
55 with traces, 95 with slight, 50 with small, 34 with modest, 39 with 
marbling were used. Average Warner-Bratzler shear values indicated 
that the devoid group was less tender (P<..01) than any other group. 
The trace amount of marbling group was also less tender than the other 
groups. Although statistical analysis of the data indicated no 
correlation between marbling and tenderness, the taste panel rated the 
steaks more desirable as marbling level increased. 
The marbling-age interaction had drawn the attention of Tuma 
et al. (1962) who used steaks from 24 Hereford steers 18, 42 and 90 --
months of age. Warner-Bratzler shear and the taste panel rated steaks 
from older steers less tender. The decrease in tenderness was most 
pronounced between 18 and 42 months of age. Increased marbling, a 
slightly abundant amount compared with a slight amount, did not .enhance 
the tenderness of steaks from 18-month old steers, while it did from 
42- and 90-month old steers . They concluded that slaugh ter age with 
marbling held constant had a greater influence on tenderness than 
marbling with age held constant. 
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Breidenstein � .!!.· (1968) more recently studied the influence 
of marbling and maturity on the palatabili ty of beef muscle .  The 
infiu ence of  niarbling on tenderness and juic iness of  beef differing in 
maturity and the i nterrelationships of marbling , m aturity, pal atability 
and chemic al and physical parameters were investigated. 
Sixty cow and heifer carc �sses representing A, B and E maturity 
and slight, modest, slightly abundant and abundant levels of marbling 
were used.  Subjective estimates of muscle texture,  firmness and color 
statistic ally affect either shear forc e or panel tenderness , but the 
abundant level had the highest panel tenderness scores and lowest  shear 
values of all marbling groups . Juiciness and f1avor were signific antly 
influenced by marbling but not by maturity.  
Cooper et al. (1968) histologically examined the beef muscle 
from the study by Breidenstein et al . (1968). They determined that 
sarcomere length of muscle fibers of the Longissimus dorsi were 
signific antly shorter in E maturity c attle than in A or B maturity 
groups .  Furthermore, this difference was associ ated with pal atabili ty 
characteristics .  Muscle bundle siz e  also increas ed with physiological 
maturity and could be es timated visually with some accuracy. 
Goll e t  al. (1965) found that, within the same maturity and 
marbling score, distribution and texture of marbling were significantly 
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related to all tenderness measures. Seventy-two carcasses of A, B and 
E maturity with moderately abundant, slightly abundant, modest, small, 
traces and p1•actically devoid mnounts of marbling were subjected to 
taste panel and Warner-Bratzler shear evaluation. Analysis of var�ance 
of the data revealed that marbling had no effect o n  sensory scores for 
tenderness, juiciness or flavor. The older cattle, however, were 
significantly less tender. Higher levels of marbling were associated 
with lower moisture levels, higher ether extract values and higher 
cooking losses. 
The influence of marbling texture was further investigated by 
Moody, Jacobs and Kemp (1970) in an attempt to determine the effects 
properties of beef ribs from the same yield and quality grades. Two 
groups of 17 ribs each representing fine and coarse textured marbling 
were compared. Although the fine textured group was significantly more 
tender (P <..05) than the coarse textured group, there were no signifi­
cant differences observed in sensory evaluation for tenderness, 
juiciness, flavor or overall satisfaction. 
Two hundred Angus, Hereford and Polled Hereford steers were fed 
in five groups and killed a�er being on feed for 139 to 251 days by 
Epley !?!. al. (1968) • . The study was conducted to evaluate the effects 
of sire, length of feeding and sire x length of feeding _interaction 
upon f1avor intensity, tenderness arrl overall desirability of beef 
short loin steaks. A trained panel detected significant tenderness 
differences due to sire, le�gth of time on feed and sire x time on 
feed interaction. However� a consumer panel could not detect any 
significant differences. 
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Growth and quantitative carcass traits which may contribute to 
beef palatability and the relative importance of these traits upon 
tenderness and juiciness have been studied by Suess et al. (1966). 
One hundred twenty-eight Angus steers and heifers. which were fed and 
managed the same, were slaughtered and carcass data gathered. Quality 
grade, marbling and bone maturity were associated with less than 7% of 
the variation in Semimembranosus_or Longissimus dorsi tenderness. The 
same variables accounted for less than 11% of the variation in 
juiciness. Positive relationships between tenderness and daily gain 
('P <-� 05_) �:nd WP;.��t. ra� n.f'3"' of 2ze (p <. 01) S'lgg-:'�ted th�t ��i."!e.ls v�i�h 
grow faster are more tender. 
Field, Nelms and Schoonover (1966) have studied the influence of 
age and marbling on palatability of bulls, steers and heifers. The 
cattle were fed and slaughtered at four different age periods. Group 
·one was JOO to 399 days old at slaughter, group two 400 to 499, group 
three 500 to 599 and group four was slaughtered at 600 to 699 days of 
age. The 134 bulls and 84 steers and heifers represented the Hereford, 
Angus and Shorthorn breeds. 
Analysis of the data indicated significantly (P<.01) higher 
palatability ratings favoring the steers and heifers when all the steers 
and heifers were compared with the bull carcasses. Bulls became less 
tender as age increased, and the JOO to 399-day old bulls were 
significantly more tender than the older groups. Tenderness, flavor 
and juiciness scores for steaks containing traces, slight and small 
levels of marbling were not significantly different from modest and 
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moderate levels of marbling. When age was held constant, higher 
marbling scores in bulls were more closely related with higher sensory 
ratings than were marbling scores in steers and heifers. 
Reagan, Carpenter and Smith (1970) found similar results when 
they fed 4J bulls and 47 steers in two slaughter age groups. Group one 
averaged 385 days of age at slaughter, while group two was 494 days old 
at slaughter. In weight group Qne neither final. grade nor marbling 
score differed between sexes, but in group two steers had higher marbling 
scores and grades. Steers in group one were more tender (P <. 05), but 
comparing palatability traits of beef produced by young bulls and steers, 
Reagan et al. (1971) fed 90 bulls and steers for two different periods 
-- I 
of time. Group one averaged 385 days and group two averaged 484 days of 
age at slaughter. Although the steers were the same chronological age, 
they produced significantly more youthful carcasses according to the 
U. S.D. A. maturity designation than the bulls. It was noted, however, 
that lean color affected the bull maturity evaluation. 
While there was no significant difference in tenderness of steaks 
from bull and steer carcasses in group two, it was concluded that a 
higher percentage of bulls will yield carcasses of desirable palatabil-
1 ty if they are slaughtered at an earlier age. The trained taste panel 
rated steaks from steers significantly higher (P <. 01) in overall eating 
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satisfaction and concluded that bulls were more variable in palatability 
attributes than steers . 
Berns and Costello (1971) analyzed data from 578 steers  to study 
relationships between live animal and carcass traits with beef palat­
ability. Carc ass quality traits were not easily predicted using the 24 
traits analyzed. Only 22% of the variation in shear tenderness could be 
accounted for by using a1.l traits in prediction equations as variables. 
They concluded that no single trait or group of traits could easily 
predict c arcass quality. 
Because the Warner-Bratzler shear is used so extensively in meat 
research as an objective measure of tenderness, Hedrick et a1. (1968) 
studied some of the factors wh:l.r.!h ��n �:rrect Wtrr.�f9i:--&-e-f:.17,le� �ht:'�.i- Y"'1,_.._�s 
of beef steaks. Thirty-one choice , beef short loins were used to deter­
mine the effect of cooking method (broiling or cooking in deep fat ), 
sample core siz e (1.72 cm. or 2.54 cm. ) , core position (medial , central 
or lateral ) and temper ature (hot or cold ) on Wa.rner-Bratzler shear values.  
Sample cores from c old samples and from deep fat cooking had higher shear 
values than hot samples arxl broiled samples.  Cores from the central and 
lateral loc ations were tougher than cores from the medial location. The 
authors concluded by admonishing meat researchers to be sure to use the 
same procedure on e ach sample or results will be confounded. 
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METHODS OF PROCEDURE 
The carcasses in this experiment were from 162 Hereford cattle 
used in a study conducted to evaluate the effects of market weight and 
energy content of rations on feedlot performance of yearling bulls, bul1 
calves, heifers and steers. The source of animals was the Hereford herd 
at
.
the Pasture Research Center, Norbeck, South Dakota. The Hereford cows 
were bred artificially to one Hereford bull over a period of 6 weeks. 
Half-sib bulls which were the progeny of the cow herd the previous year 
were used as clean-up bulls. The yearling bulls used in this study had 
been used as clean-up bulls and were the top end of the previous calf 
·crop. After the artificial insemination period, each yearling bull ran 
with a
·
to 10 cows for the rest of the smr..mer. 
During a preliminary period of about 3 months, the cattle were 
fed a ration o f  alfalfa-bromegrass haylage or hay, protein supplement 
am a limited amount of grain. · 'The bull calves were from an original 
group of 126 calves. Thirty-four of the larger bull calves were 
selected from this group for use as clean-up bulls in the succ eeding 
breeding season. At the initiation of the feedlot experiment, 84 were 
selected fran the remaining 92 head and they were allotted into 12 pens 
of 7 each. After the initial weighing and allotment, bulls in four of 
the pens were castrated for the steer group of the experiment. The 56 
heifers were a random assortment from 128 head from which no previous 
selection had been made. 
· � 
Experimental treatments included two final market weights from 
each sex group. Weight group 1 was expected to produce c attle within 
the good carc ass grade. The yearling bulls ,  bull c alves , steers and 
heifers in group 1 were fed to average pen weights of 1 , 35 0 ,  1 , 100,  
1 , 050 and 950 lb. , respectively. Weight group 2 cattle were expected 
to fall within the choice carcass grade and pens were sent to slaughter 
when yearling bulls approximated 1 ,500 lb. , bull calves 1 , 250 lb. , 
steers 1 , 200 lb. and heifers 1 ,100 pounds . 
Within e ach weight group , ._ the dietary treatment consisted of 
either a 50  or 90% concentrate level on an air-dry basis . Each  ration 
was caJ.culated to contain 13. 00� protein, 0 . 6o% calcium and 0 . 35% 
phosph9rus on an air-dry basis.  The rations consisted of an alfalfa­
bromegrass haylage and concentrate-supplement mixture . Concentrates 
were fed separately from the haylage but in ratios to give the 50 or 
90'f, level on an air-dry basis . The cattle were fed once daily in amounts 
that would be nearly consumed. by the next feeding. Ingredient composi­
tion of e ach ration is shown in table 1. 
Table 2 outlines the experimental design. 
The c attle were slaughtered at a commercial packing company as 
each group ( sex and concentrate level ) reached the approximate desired 
weight . The following data were obtained after a 72-hour chill : 
carcass weight , quality grade , conformation, maturity, marbling ,  firmness 
score , color score , fat thickness at the twelfth rib , rib eye area, 
percent kidney, pelvic and heart fat and yield grade . The right sides 
or the rib and round from the right sides were transported to the 
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TABLE 1 .  Irl?REDIENr COMPOSITION OF RATIO NS ( AIR-DRY) 
Ingredient 
. Alfalfa-brome haylage 
Rolled corn grain 
Soybean meal ( 44% )  
Limestone 
Di.calcium phosphate 
Trace mineralized s alt 
Potassium chloride 
Vitamin A premix, g .  ( 1 , 500 
I. U. per lb . of ration) 
Vitamin E premix , g.  ( 8  I. U. 
per lb . of ration) 
Chlortetracycline premix, g.  
(5  mg. of C'IC per lb. of 
ration) 
TABLE 2 . 
Heifers 
Weight group 1 2 
Final weight, 950 noo 
lb. 
Concentrate 50 90 50 90 
level , % 






49. 0  
0 . 5 
0 .5  
5 . 0 
4 . 0  








0 . 5  
0 . 5  






Steers Bull calves Yearling bulls 
1 2 1 2 1 2 
1050 1200 1100 1250 1350 1500 
50 90 50 90 50 90 50 90 50  90 50 90 
6 6 7 7 14 14 13 13 5 7 7 7 
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South Dakota State University meat laboratory for fabrication into semi­
boneless retail cuts , fat and bone . Steaks were taken £rom the rib for 
proximate analysis , taste panel studies and tenderness determination 
on the Warner-Bratzler shear machine. 
Carcass  Data Collected 
- -----
Carcass Conformation. The relative form or shape of the carcass , 
especial.ly the ratio of thickness to length , was evaluated and rated on 
a scale from l, low cutter , to 24, high prime . 
Ce.rcass Maturity. The degree of ossific ation of c artilage along 
the dorsal processes of the thoracic vertebrae was the main indicator of 
and shape of the ribs and color and texture of the lean were al1 
considered in the maturity evaluation. The c arcasses were rated from 
10 , E+ ,  to 24, A- ,  according to the Official United States Standards for 
Grades of Carc ass Beef ( U. S . D. A. , 1965 ) .  Ten, or A- ,  was the most 
youthful , while 24, or E+, was the most mature. 
Marbling. Marbling level was established by the U. S . D. A. grader 
after observing the amount and distribution of intramuscular fat within 
the cut surf ace of the Longissimus dorsi between the twelfth and 
thirteenth rib . Each degree of marbling was rated from devoid , 1 ,  to 
abundant , 10. 
U. S . D. A. Carc ass Grade . Carcass grade was derived from the 
marbling , maturity and conformation evaluation by the U. S . D. A. grader 
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in accordance with the Official United States Standards for Grades of 
Carc ass Beef ( U. S . D. A. , 1965 ) .  The bull carcasses were graded using 
the steer and hei fer standards . 
� Carcass Weight . Weight of the c arcass immediately post' .  
slaughter was recorded from the packer ' s  tag · and was ·used in deter­
mining dressing percentage and yield grade . 
� Eye Are a .  The Longissimus dorsi muscle between the twelfth 
and thirteenth ribs of the left - side was - traced on acetate tracing 
paper. The Longissimus dorsi area was then determined using a 
compensating polar pl animeter . 
!!:!:. Thickness at � Twelfth Rib . A single fat thickness 
measurement was made three-fourths of the distance  from the medial to 
the lateral end of the exposed Longissimus dorsi at the twelfth rib 
on the left side . The fat measurement was occasionally adjusted to 
ref1.ect unusual external fat deposition patterns � 
Percent Internal Fat . The U. S . D. A. grader estimated the pelvic , 
kidney and heart fat in each carcass as a percentage of carcass weight. 
U. S . D. A. Yield Gr ade . The U. S. D. A. yield grade was determined 
by using warm c arcass weight , rib eye area,  fat thickness measurement 
over the rib eye and e stimated percentage of internal fat in the 
following yield grade derivation formula : 
Yield grade = 2. 5 + ( 2 . 5 x adjusted fat thickness, inches ) 
+ ( 0 . 20 x percent kidney, pelvic and heart fat ) + 
( O .  0038 x hot carcass weight, pounds ) - ( O .  Ji x rib 
eye area , square inches ) . 
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Tissue Sampling. The right wholesale rib of each c arcass was 
brought to the South Dakota State University meat laboratory for further 
evaluation. At the meat laboratory, the ribs hung in a 4 C. c ooler for 
10 days before being sampled. The twelfth rib end was faced to remove 
the dried surface before a 2 . 54 cm. sample was cut, wrapped, marked and 
frozen for later testing with the Warner-Bratzler shear machine. Steaks 
2 . 54 cm. thick were prepared in the same manner from the eleventh and 
tenth ribs . The ste ak  from the eleventh rib was used for taste panel 
evaluation, and the tenth rib steak was analyzed chemically for percent 
water, protein and fat following A.O.A.C. (1960 ) procedures. 
Warner-Bratzler Shear. The twelfth rib samples were in freezer 
storage no longer than 9 months. Six or 12 samples at a time were 
placed in a 4 C . cooler overnight to thaw. The next . morning six samples 
were removed from the cooler, unwrapped , blotted dry ruld weighed. to the 
nearest 0 . 1  gram. Steaks were placed in an 176. 7 C. prewarmed oven 
after cooking thermometers were inserted in the center of each steak. 
The steaks were oven broiled to an internal temperature of 71. 1  C . , 
removed from the oven, blotted and weighed to determine the percent 
cooking loss. Core samples 2 .54 cm. in diameter were removed from the 
medial., - center and lateral portions of the steruc. Each core sample was 
sheared twice in the standard Warner-Bratzler shear machine for an 
objective determination of tenderness . 
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Taste Panel . Taste panel steaks were in freezer storage no 
longer than 9 months . The thawing and cooking procedures were the same 
as used with the shear steaks . An eight member panel consisting of 
animal science graduate students with varying amounts of tasting 
experience evaluated six steaks at each panel sitting . Individual panel 
members received samples approximately 1.2? cm. wide from the s ame 
anatomic al location of e ach ste ak .  The panel members were asked to 
rate each sample for tenderness , juiciness and fiavor on an eight point 
Hedonic scale .  One was scored when the sample was extremely desirable , 
while an eight represented an extremely undesirable trait. 
Edible Portion. Time intervals between slaughter date s were not 
adequate to permit the collection of extensive cutting data on sides of 
all c arcas ses in the exper11Tlent. An attempt was made , however , to 
obtain edible portion data on sides which represented e ach sex , weight 
and ration group . Because the experiment of Cole , Onne and Kincaid 
(1959 )  showed a correlation of 0 . 95 between lean from the round and 
total separable lean from the c arcass , it was decided to obtain round 
edible porti on data  on all carc asses . Pen number 36, bull calves on 
the ·50% c oncentrate ration , was lost in the packing plant after cooler 
data were obtained ; and , as a result , no edible portion detennination,  
chemical analysis or taste panel evaluation were perfonned. 
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Cutability. Cutability is the percentage of c arc ass wei ght in 
boneless , clos ely trimmed retail cuts from the round , loi n ,  rib and 
chuck . ·eutability was derived by adding the roast and lean trim weight 
from the round , loin , rib and chuck and dividing by c arc ass weight. 
Following at le ast 10 days in the meat l ab cooler at 4 C . , 
wholes ale cuts were fabric ated into trimmed retail cuts , lean trim, fat 
and bone . In the boning process excessive intramuscular fat was 
removed , and subcutaneous fat was trimmed to 1/4 inch.  All wei ghts 
were recorded to the nearest O . l  pound . 
'!'he individual wholesale cuts were processed as follows : 
A. Round 
1.  The green wetght ,, f  th� int�.ct wh o1 P, ::; P} P  t-0'!� � 
2 .  Individual trimmed weights o f  the sirloin tip ,  rump 
roast and top and bottom round roast we re combined 
to furnish round roast weight. 
J . Le an trim consisted of the muscle systems not 
included in the roasts , primarily the shank. 
4. Fat weight consisted of all the triMmab1e fat in 
exc e ss of 1/4 inch. 
5 .  The bone weight o f  the round included part o f  the 
· pelvic girdle , femur, tibi a, fibula and patella. 
B. Loin 
1 . The green weight consi sted o f  the Whole s ale loin 
with .flank and kidney fat removed. 
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2 .  The trinnned tenderloin , strip roast and sirloin roast 
compri sed the loin roast weight . 
J .  The lean trim was m ad e  up from the muscle systems 
which were not included in the roasts .  
4. Fat weight consisted o f  the trimmable fat in excess 
of 1/4 inch . 
5 .  '!h e  bone included part o f  the last rib , lumbar and 
sacral vertebrae and pelvic girdl e .  
c. Flank 
1 .  The flank was separated into edible ·portion , 
trim.mable fat and bone . 
D. Rib 
1.  Green weight o f  the wholes ale rib . 
2 .  Roast weight consisted o f  the trimmed standing rib 
roast with a portion of the thoracic vertebrae 
removed . 
J .  Lean trim was derived from the short ribs and other 
lean not in the roast. 
4. Trimmable fat included all surface fat in excess of 
accumul ations . 
5 .  Bone weight included portions o f  the thoracic 
vertebrae trimmed from the roast , the rib ends and 
a small portion of the scapula. 
E. Chuck 
l .  Th e  green weight o f  the square cut chuck included 
the neck bones and he art fat . 
2. The roast weight included the trimmed , bonel-ess 
inside and outside chuck roasts . 
J . Lean trim comprised the rest of the trimmable lean 
from the chuck. 
4. The fat weight was c om.pris ed of all the trimmable 
external fat qown to 1/4 inch and the se am. fat . 
F. Brisket 
1 .  The brisket was weighed and separated into lean , 
fat and bone ., 
G. Shank 
1.  The shank was separated into lean ,  fat arrl bone .  
H. Plate 
1. The plate was separated into lean trim, separable 
fat and bone . 
All the data were recorded on IBM c ards and analysis of 
variance and simple correlations were obtained experiment-wide . 
Analysis of vari ance was also obtained within each sex group. 
Jl 
RESULTS AND DISCUSSION 
Although the anal.ysis indic ated that sex group had highly 
signific ant ( P < . 01 )  effects on almost all the . traits studied, direct 
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comparisons between sex groups were not made . The nonrandom assortment 
of males and establishment of different weights as arid points for the 
light and heavy weight tre atments in each s�x group made the validity 
of direct  sex group comparisons questionable . As a result , this author 
was primarily interested in the within sex group effects of  ration 
concentrate level and slaughter wefght on the traits studi ed .  
Heifers 
the c arcass traits of hei fers are presented in tables 3 and 4. The 18 
lb . difference in final slaughter weight between ration concentrate 
levels wi thin weight group 1 may magnify concentrate level differences 
in the parameters studied.  In weight group 2 ,  final slaughter weight 
between c oncentrate groups differed by only 7 pounds . The heifers fed 
the 90% concentrate ration in both weight groups reached slaughter 
weight 28 d ays sooner.  Moreover , dressing percentage was signific antly 
(P  < .  01) higher on the 90% concentrate diet. 
Carc ass quality grades in heifers were significantly affected 
by both weight group and concentrate level. Heifers on the 90% concen­
trate ration had higher quality grades (P < . 01 )  than heifers fed the 
5� concentrate ration. Heifers in weight group 2 quality graded 
signific antly higher (P < . 01 )  than heifers in weight group 1 . '!he 
TABLE J. LEAST SQUARE MEANS FOR CARC.ASS CHARACTERISTICS OF HEIFERS 
Weight group 
Weight group Concent1•ate level l 2 
Trai t 1 2 50% 90% 50'% 9� 50� 90% 
Number of c arc asses 28 28 28 28 14 14 14 14 
Live weight , lb. 961 1105 ** 1030 1036 952 970 1109 1102 
Dressing percent 63 . 4  64. 5 62 . 6  65 . 2 ** 62 . 4  64. 3 62 . 9  66. 1  
Carc ass weight , lb . 613 714* *  646 681 594 633 699 729 
Days on feed 224 287**  269 241 * *  238 210 301 273 
Quality gradea 18. 8 20 . 4** 19 . 1  20 . O** 18. 6 19. 0 19 . 6 _,/ 21. 1  
Conf ormationa 21. 7 22 . 0 21 . l  22 . 6* *  21 . 0 22 . 5 21 . 3  22 . 6 
Maturityb 23 . 0 23 . 0 23 . 0 23 . 0 22 . 9  23 . 0 23 . 0 23 . 1  
MarblingC 5 . 2 6. 4* *  5 . 5  6. 1 * *  5 .1  5 . 3 5 . 9 7. 0 
Fi. rmne s sd 5 . 8  5 . 9  5 . 9 5 . 8  r 5 . 8  5 . 8  6. 0 5 . 8  I 
Color score9 4. 7 5 . 1  4. 8  5 . 0 4. 5 4. 9 . 5 . 1 5 . 1  
Yield grade 4. 2 5 . 1** 4. 5 4. 8 4. 0 4. 5 5 . 0  5 . 1  
Fat thickness , in. 0. 74 1.  02 ** 0 . 85 0. 90 o . 66 0 . 81 1 . 04 0 . 99 
Rib eye area ,  sq . in. 9 . 7 10 . 5 ** 10 .l  10 . 1  9 . 6  9 . 9 10. 6 10 . 4 
· Kidney fat , % 3 . 7  3 . 4* *  3 . 4 3 . 7* 3 . 6 3 . 9 3 . 2 3 . 5 
Shear force 15 . 9 18. 0 ** 17. 1  16. 8 16. 3 15 . 6  18. 0 18. 0 
Panel tendernessf 2 . 7  3 . 1  2 . 9  2 . 9  2 . 7 2 . 7 3 . 2 3 . 0  
Panel juicinessg 3 . 6  3 . 5  3 . 4  3 . 7 3 . 5 3 . 7 3 .. 3 3 . 7  
Panel fl avorh 2 . 9 · 2 . 9  2 . 9  J . O 3 . 0 2 . 8 2 . 8 3 . 1 
Proximate analysis , % 
Protein 22. 4 . 21. 7* 21 . 7  22. 4* . 21. 6  23 .1 21 . 7 21. 6  
Ether extrac t 6. 4 8 .. 0** 6. 6 7. 7* 6. 1 6. 7 7. 1  8 . 9  
Water 70 . 8 69 . 5 ** 70 . 9 69. 4** 71 . 4 70 . 1 70. 4 68 . 7  
Shear cooking loss , % 22. 1  22 . 9  22 . 7 22 . 3 22 . 2 22 . 1  23 . 3 22 . 5 
Drip loss , % 6 . 5 6. 8 6. 8 6. 4 6. 5 6. 6 7. 2 6. 3 
Volatile gas loss , � 15 . 1  15 . 7 15 . 7  15. 1  15 . 0 15 . 3  16. 4 15 . 0 
Panel cooking loss , % 21 . 6 22 . 5 22 . 5  21 . 6 21 . 4 21 . 8  23 . 7  21 . 3 
\.A) 
\.,.) 
"'. \  .. . 
TABLE 3 CONT:;:NtJED 
Weight group 
Trait 
Round weight , lb. 
Round roast ,  lb. 
Round lean trim , lb . 
Round trimmable 
fat , lb. 
Round bone , lb. 
* p < . 05 .  
* *  p < .  01 . 
1 
70 . 6 
30 . 9 
12 . 3  




31 . 9  
13 . 8* 
20 . 1 * 
11 . 3 * *  
� Good + = 18 , choice - = 19 , choice = 20 . 




72 . 8  74 . 6  
31 . 0 31 . 7 
13 . 6  12 . 4 
17 . 7  19 . 7  
10. 5 10. 9 
c Devoid = 1 ,  small = 5 ,  abundant = 10. 
d Extremely soft = 1 ,  slightly soft = 4,  very firr;1 = 7. 
e Very dark red = 1 ,  cherry red = 4 ,  dark pink = ?.  
f Extremely tender = 1,  slightly tender = 4 ,  extremely tough = 8 .  
Weight group 
1 2 
J()�----90% _________ 50% 90% 
69 . 0  72 . 3 76. ? 77 . 0  
29 . 6  32 . 2  32. 5 31 . 3 
13 . 9  10 . 6  13 . 4  14. 2 
15 . 3  19 . 4 20 . l  20 . 1  
10 . 2  10 . 2  10. 9 11 . 7 




TABLE 4 .  ANALYSIS OF VARIANCE MEAN SQUARES FOR 
HEIFER CARCASS CHARACTERISTICS · 
Concentrate 
x wei ght 
Err orb Trait Conce ntratea Weighta . interactiona 
. Live we ight , lb . 434. 57 293191 . 14** 2314. 29 10224. 82 
Dressing perc ent 88. 50** 18 . 06 .5 . 16 4. 68 
Carc ass wei ght , lb. 16354. 45 141504. 02**  31.5 . 87 5469 . 57 
Days on feed 10976. 00** 55566. 00** o . oo o. oo 
Quality grade 11. 16** 33 . 02** 4. 02 * 0 . 95 
Conf orma ti on 28. 57 ** o . 64 0 . 07 1 . 11 
Maturity 0 . 07 · 0 . 07 o . oo 0. 04 
Marbling 6. 4.5 ** 21. 87** 3 . 02 0 . 80 
Firmness 0. 07 0 . 29 0 . 07 0 . 20 
Color score o. 64 2 • .57 o . 64 0. 77 
Yield grade 1 . 48 8 • .56** 0 • .54 o. 68 
Fat thickness , in. 0 . 03 1. 09 ** 0 . 14 0. 06 
Rib eye are a ,  sq . in. 0 . 01 7. 07** 1 . 06 0 . 84 
Kidney fat . <f, 1. 29*  1 . 97** 0. 04 0. 23 
She ar force 1 . 26 58. 31** 1 . 86 8. 09 
Panel te nderne ss 0 . 07 2 . 42 0 . 26 o . 65 
Panel juiciness l. 06 o . o4· 0. 16 0. 35 
Panel fl avor 0 . 10 0 . 03 0 . 81 *  0 .16 
Proximate analysis , % 
Pr otein 6 . 19 * 6 . 55 *  8 . 44* 1 . 03 
Ether extract 17. 93 * 34. 87** .5 . 17 3 . 87 
Water 28. 86** 21 . 08** 0 . 38 2 . 17 
She ar c ooking loss , � 2 . 34 7 . 84 2 . 14 5 . 64 
Drip loss , </, 2 . 32 1 . 07 J . 46 2 . 86 
Volatile gas loss , % 4 . 23 4. 37 10. 16 .5 . 30 
Panel cooking loss , % . 12 . 15 10. 00 25 . 39 * .5 . 47 
Round wei ght , lb . 44. oo .529 . 74** 32 . 87 73. 36 
Round ro ast , lb . 6. 23 14. 47 50 . 83 16. 95 
Round le an trim , lb . 22 . 96 33 . 31 *  .5 6 .  92 ** 6. 08 
Round fat , lb . 57. 72 101 .  73 * 56. 92 19 . 90 
Round bone , lb . 2 . 20 16. 17** 1 . 96 2. 21 
a Degrees of fre edom = 1. 
b Degrees of fr-eedom = 52. 
* p < . 05 .  
** p <. .  01. 
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difference in quality grades between treatments was due primarily to 
difference s  in m arbling. Increasing weight and concentrate level 
significantly (P < .01) increased marbling level. However ,  the differ­
ence in mean marbling levels was greatest between c oncentrate levels in · 
weight group 2 .  Although conformation was signific antly higher ( P < . 01 )  
for the 90% concentrate level ,  conformation difference had no effect on 
final quality grade . Within the choice and prime grades ,  superior 
conformation c annot compensate for the marbling-maturity relationship 
in determining the f:inal quality grade . Neither concentrate level nor 
weight group had an effect on maturity, lean color or finnness scores .  
Ration concentrate level did not significantly influence yield 
grade derivation formula,  warm c arcass weight , rib eye are a  and fat 
thickne s s ,  were not influenced by ration concentrate level . Although 
weight group 2 had significantly lower (P  < . 01) percentages of kidney, 
pelvic and heart fat than weight group 1 ,  yield grade was significantly 
higher ( P  <. .  01) in weight group 2.  The other yield grade components ,  
carcass weight, fat thickness and rib eye area, were significantly 
( P  <. . 01 ) influenced by weight group . 
Warner-Bratzler she ar values , objective measures of tenderness ,  
were not signific antly influenced by ration concentrate level but were 
significantly (P < .  01) lower in weight group 1.  The ta�te panel 
evaluations of tenderness , juiciness and flavor were not i nfluenced by 
weight group or  concentrate level. The proximate analysis data showed 
significantly higher ( P <  .0.5) protein levels from weight group 1 and 
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the 90% concentrate level • .  Wei ght group 2 resulted in a significantly 
higher (P< . 01) ether extract content of the tenth rib lean samples . 
Steaks from heifers fed the 90% concentrate level contained a signifi-
. c antly (P< . 05) hi gher percentage of ether extract than steaks from 
heifers fed th e 50% concentrate ration. Both weight group 1 and the 
50% concentrate level resulted in rib steak muscle having a signifi­
cantly higher ( P  < • 01) water content. 
Round physical separation data revealed no significant effect 
of ration concentrate level on r_9und weight , round roast weight ,  round 
lean trim, trimmable fat and bone weight in heifers. Heifers in weight 
group 2 had heavier rounds (P < .  01) which produced significantly more 
lean trim (P < .  05), trimmable fat (P < .  05) and bone (P < .  01).  
The heifers were slightly above the desired carcass grade end 
points , as weight group l averaged about low choice , while weight 
group 2 averaged clo se to high choice. As a group , the heifers were 
probably fed beyond their optimum slaughter weight , as they averaged 
0. 87 in. of fat and 10 .1  sq . in. of rib eye area. 
Steers 
The desired final slaughter weight for group 1 steers was 1 , 050 · 
pounds. The display of least square me ans , table 5, cites the average 
slaughter weights of s teers in group 1 as 1, 094 lb. for the group on 
the 50� concentrate ration and 1 , 035 lb. for the group on the 9o% 
concentrate ration. In weight group 2 the 90% concentrate group was 
only 4 lb . over the de sired end point of 1, 200 lb. , but the 5 0% concen­
trate group was 41 lb . below the de sired sl aughter weight. This 
TABLE 5 .  LEAST SQUARE MEANS FOR CARC .. �S CHARACTERISTICS OF STEERS 
Weight group 
Weight group Concentr ate level · 1 
Trait 1 2 50% 90% 55% 90-,, 50� 
Number of c arc asses 12 14 13 13 6 6 7 
Live weight , lb. 1064 1182** . 1127 1120 1094 1035 1159 
Dres sing percent 62. 3 64. 8* 63 . 1  63 . 9  61 . 2 63 . 4  65 . 0  
Carcass weight , lb. 663 765 ** 711 717 669 657 753 
Days on feed 231 315 ** 297 248** 245 217 350 
Quality gradea 18. 4 19 . 5 * 18. 7 19 . 2 18. 7 18. 2 18. 7 
Conformationa 21 . 5  21. 7  21 . 8 21 . 4  21. 5  21 . 5 22 .1  
Maturityb 2J. O 23 . 0 23 . 0 2J . O  23 . 0  23 . 0  23 . 0 
Marblingc 4. 8 5 . 8** 4. 9 5 . 6* 4. 7 4. 8 5 . 1  
Firmnessd 5 . 8 5 . 9  6. o 5 . 8  6. 0 5 . 7 6 . o 
Color scoree 5 . 0 5 . 0  4 . 8 5 . 2*  I 4. 8 5 . 2 4. 7 
Yield grade J . 8 4. 7** 4. 4 4. 1 J . 8  J . 9 5 . 0  
Fat thickness , in. o . 64 0 . 86•• 0 . 74 0 . 76 0 . 60 · o. 68 0 . 89 
Rib eye area , sq . in. 10 . 5  10 . 9  10 . 3  11 . 1  10 . 1  10. 8 10 . 5  
Kidney fat, % 2 . 6  3 . 5** 3 . 0  3 . 1  2 . 2 3 . 1  3 . 8 
Shear force 14. 5  17. 8** 16. 7 15 . 6  15 . 6  lJ . 3 17 . 8 
Panel tendernessf 2 . 7  J . 2* J . 2  2 . 7 3 . 1  2 . 2 ' 3 . 3 
Panel juicinessg 3 . 8  3 . 6 3 . 6  J . 8  3 . 7 3 . 9  J . 4  
P anal f1.avor
h 2 . 8  3 . 0 2. 9 2. 9  2 . 9 2 . 8  2 . 9 
Proximate analysis , � 
Protein 22. 8  21 . 4** 21. 8 22 . 4* 22 .1 23 . 5 . 21 . 6 
Ether extract 4. 5 6. 4** 5 . 2  5 . 7 4. 6 4. 4 5 . 7  
Water 72 . J  71. 2* 71. 9 71. 5  72. 2 72 . 4  71 . 6 
Shear cooking loss , % 23 . 0 22 . 7  22 . 3 23 . 5 21 . 7 24. 4 22. 9 
Drip loss , % 7. 2 7. 4 7 . 2 7. 3 7 . 4  6. 9 7 . 0 
Volatile gas los s , <'f, 1.5 . 2  15 .1  14. 9 15 . 4  14. 2 16. 2 15 . 5  









21 . 3 
23 . 0 
6. 4 
5 . 9 
5 . 3  
4. 4 
0 . 84 
11 . 3 
3 . 1  
17. 9 
J . 2 
J . 8 
3 . 1  
21 . 3 
7. 0 
70 . 7 
22. 6 
7 . 7 
14. 7  
22 . 4  
\.A) 
(X) 
TABLE 5 CONT:rntJED 
-
Weight group Concentra�e level 
Trait 




Round weight , lb. · 
Round roast , lb . 
Round le an trim , lb. 
Round trinunable 
fat , lb. 
Round bone , lb. 
* P < . 05 . 
** p <. 01 .  
l 2 
57 . 8 52 . 9 ** 
28. 6 34. 3 ** 
13. 6 12. 8* 
75 . 2 85 . 2 ** 
33 . 1 34. o 
15 . 8  17. 6 
14. 3  20 . 8** 
12 . 0  12 . 5 
a Good + = 18 , choice - = 19 , choice = 20 . 
b A- ::: 24 ,  A = 23 , A+ = 22. c Devoid = 1 ,  small = 5, abundant = 10. 
50% 90% 
-
55 . 0  55. 7  
31. 6  31 . 3  
13 . 4  13 . 0 
79 . 8 80 . 6  
32 . 8 34. J 
17 . 3  16. 1 
17 . 2 17 . 9 
12 . 4 12 . 3  
50% 
56. 9  
29 . 3  
13 . 7  
77. 0 
32 . 6  
17. 0 
15 . 2 
12. 1  
d Extremely soft = 1 ,  slightly soft = 4 ,  very fin� = 7. e Very dark red = 1 ,  cherry red = 4,  dark pink = 7. 




58. 7 53 . 0  
27. 9 33 . 9  
13 . 4 13 . 1  
73 . 5 82 . 7 
33 . 7 33 . 0  
14 . 5 17 . 6  
lJ . 4  19 . 3  
11. 8  12. 7 
� Extremely desirable = 1 ,  slightly desirable = 4,  extremely undesirable = 8. 
Extremely juicy = 1, slightly juicy = 4, extremely dry = 8. 





12 . 5 
87. 7  
35 . 0  
17. 6  




variation in final weight makes it more difficult to interpret the 
data. Analysis  of variance means and mean squares for s.teers , tables 
5 and 6, respectively, demonstrated a signific antly (P < .  05 ) higher 
· dressing percent for steers in weight group 2 than weight group 1.  
Ration concentrate level did not affect  carc ass quality grade , 
but weight group 2 produced significantly higher ( P < . 05 )  grading 
steers than weight group 1.  The quality advantage was due to the 
signific antly higher ( P  < . 01) level of marbling in weight group 2 
because color, firmness , maturity and conformation were not affected 
by weight group. The significantly higher ( P  < .  05 ) level of marbling 
and the more youthful lean color in the 90� concentrate group did not 
influence c arcass quality grade sufficiently to reflect a significant 
c oncentrate level difference. 
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Yield grade , rib eye area, fat thickness at the twelfth rib and 
percent kidney, pelvic arrl heart fat were not significantly affected 
by ration concentrate level . Yield grades in weight group 2 were 
signifi cantly (P < . 01 )  higher. Carcass weight, fat thickness at the 
twelfth rib and percent kidney, pelvic and heart fat , ·factors which 
contribute to yield grade , were signific antly greater ( P  < .  01.) in 
weight group 2. 
Warner-Bratzler shear values were not significantly different 
between ration concentrate levels but were significantly lower ( P  < .  01 ) 
in weight group 1 .  The taste panel also scored steaks from group l 
more tender ( P < . 05 ) .  The taste panel did not detect any statistic al 
difference in juiciness or flavor of the rib steaks . 
TABLE 6 .  ANALYSIS O F  VARIA!'CE MEAN SQUARES FOR 
STEER CARCASS CHARACTERISTICS 
Tr ait 
. Live wei ght , lb . 
Dre s sing percent 
Carc as s  wei ght , lb .. 






Color s c o re 
Yield grade 
Fat thickne s s , in. 
Rib eye are a ,  sq . in. 
Kidney fat , % 
She ar forc e 
Panel te nderne s s  
p on�l jU.i(;ili�Sci 
P anel fl avor 
Proximate analysi s ,  % 
Protei n  
Ether extr act 
Water 
She ar co oking lo s s , % 
Drip lo s s , % 
Vol atile g a s  lo s s ,  � 
Panel cooking l o s s , % 
Round wei ght , lb . 
Round ro ast , lb . 
Round le an trim , lb . 
Round fat , lb . 
Round bone , lb. 






4 . 75 
271. 00 
15514. 15**  
1 . 85 
1 . 19 
o . oo 
J . 41*  
0 . 37 
1 . 32 
0 . 28 .. 
o . oo 
3 . 85 
0 . 12 
7 . 55 
1 . 34 
,.. .. ,.., v . ..... o 
o . oo 
1. 98* 
1 . 91 
1 . 01 
9 . 23 
0 . 07 
1. 82 
2 . 37 
4. 09 
14 . 79 
10. 00 
2 . 57 
0. 04 
3 . 33 
0 . 51 
1 . 20 
a Degre e s  of freedom = 1.  
b De gree s o f  freedom = 22 .  
* p <: .  05 . 
** P < . 01 .  
Conc entrate 
x wei ght 
Weight a i nterac tion a 
88884. 53**  17472 . 00 
40 . 00 *  11 .. 65 
67728 . 94** 2286. 00 
45592. 6l** 2849 . 5 3 ** 
7 . 58* 6. 93 * 
o .  3.0 1 . 19 
o. oo o . oo 
6;93 ** 2 . 02 
0 . 06 0 . 06 
o . oo 0 . 09 
5 . 23 ** 0 . 61 
0 . 32 ** 0 . 03 
1 . 09 0 . 02 
4. 55 ** 3 . 93** 
72 . 72 ** 8 . 58 
2 . 21* 1 . 18 
0 . 24 G . 16 
0. 09 0. 22 
11. 85 ** 5 . 23 ** 
21 .  78** 4. 02 
8 . 39*  1 . 85 
o . 64 13 . 36 
0 . 22 1. 87 
0 . 10 12. 71 
o. oo 3 . 90 
645 . 54** 117 . 3? 
4. 95 . 1 . 19 
21. 75 8 . 88 
273. 80** 37. 14 
4.49 4. 12 
158. 40 ** 6 . 88 
212 . 49 ** 8 . 81 






o . oo 
0. 96 
0. 69 
0 . 09 
0 . 67 
0 .10 
0 . 30 
0 . 25 
0 . 03 
0 . 91 
0 . 08 
3 . 95 
. 0 . 51 
0. 79 
0 . 13 
0 . 36 
2 . 65 
1 . 56 
4. oo 





7 . 79 
10. 82 
1. 12 
8 . 93 
ll . 42 
0 . 75 
Complete physical separation of the carcasses  revealed a sig­
nificantly higher ( P < . 01 )  percentage of edible portion and bone 
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(P  < .  05 ) and a lower perc entage ( P < .  01) of trimmable fat in c arcasses 
from weight group 1 than from weight group 2 . The physical separation 
data from the round followed the same pattern as the side , as rounds 
in weight group 1 had significantly (P  < .  01 ) less trimmable fat.  
Proximate analysis data from the rib eye muscle sample taken at 
the tenth rib indic ated that both weight group 2 (P < . 01 ) and the 90% 
concentrate level ( P < . 05 )  resulted in steaks with higher percentages 
of protein. In addition, steaks from steers in weight group 2 con-
tained a signific antly higher (P < . 01 )  percentage of ether extrac t and 
a lower ( P  < .  05 ) percentage of water. Treatment did not influence 
c ooking loss.  
Steers reached the desired grade end points of  high good and low 
to average choice for weight groups 1 and 2 ,  respectively. Carcass 
weight between concentrate levels differed by only 6 pounds . Conse­
quently, the effect of concentrate level observed among c arcass traits 
of steers may be a more accurate measure of the effect's of ration 
energy level than the differences observed in the heifers.  
Bull Calves 
- ---
Least square means and analysis of variance mean squares for 
c arc ass traits o f  bull calves are pre sented in tables 7 and 8.  Within 
weight group 1 ,  final slaughter weight at· each concentrate level was 
very close to the desired end point of 1 , 100 pounds . In weight group 2 , 
more variation occurred as the concentrate groups were 4 lb. and J2 lb. 
TABLE 7.  LEAST SQUARE MEANS FOR CARCAS.3 ca-CUCTERISTICS OF BULL CALVES 
-
Weight group 
Weight group Concentrate level 1 2 
Trait 1 2 50% 90% 50� 90% 50� 90% 
Number o f  c arcasses 28 26 27 27 14 14 13 13 
Live weight , lb . 1103 1268** . 1181 1191 1107 1100 1254 1282 
Dressing percent 62 . 2  62 . 9 * 61 . 7  63 . 4** 61. 0  63. 4  62 . 3  63 . 4  
Carc ass weight , lb. 687 797**  729 756 676 698 781 814 
Days on feed 243 334** 308 26$ ** 259 227 357 311 
Quality gradea 17 . 9  19 . 3 ** 18. 0  19 . 3 **  17. 5 18. 4  18. 5 20. 2 
Conf o:nnati ona 22 . 0  22 . 6** 22 . 3 22 . 3 21 . 9  22. 0 22 . 6 22 . 5 
Maturityb 23 . 0  22 . 3 ** 22 . 5  22 . 8**  23 . 0 23 . 0 21 . 9  22 . 7 . . 
Marblingc 4. 8  6. 1 **  5 . 4 5 . 6 4. 8 4. 9 6. o 6. 3 
Firmnessd 6. 0 4. 7** 4. 8 5 . 9 ** 6. o 6. 0 3 . 6 5 . 8  
Color score9 3 . 6 3 . 1  2 . 3  4. 3 **  . 2 . 9  4. 3  1. 8 4. 4 
Yield grade 3 . 4  4. 4** 3 . 6  4. 1* 3 . 2 3 . 7 4.1 4. 6 
Fat thickness ,  in. 0 . 55 0. 76** 0 . 57 0 . 74** 0 .49 0 . 61 o . 65 0 . 88 
Rib eye area ,  sq. in. 11 . 4  11 . 8  11 . 5  11. 8  11 . 3 11. 6  11 . 7 11. 9 
Kidney fat , % 3 . 0 3 . 3 ** 2 . 9 3 . 4** 2 . 6 J . 3  J . 2 J . 4  
She ar forc e 16. 6 19 . 0** 19 . 1  16. 6•• 18. 9 14 . 4  19 . 4  18. 8 
Panel tendernessf 3 . 6  4. o 4 . 1  3 . 5 * 3 . 8 3 . 3 4. 3  3 . 6 
Panel juicinessg 3 . 9 3 . 7  3 . 9 3 . 7  3 . 9  3 . 8 3 . 8 3 . 6 
P anel fiavorh . 3 . 0  3 . 3* 3 . 2 3 .1  2. 9  3 . 0 3 . 4 3 . 1  
Proximate analysis ,  % 
Protein 22 . 4  20 . 4** 21. 8 21.  O** 21 . 8  23 . l  21 . 9 19. 0  
Ether extract 4.1 . 5 . 3 ** 3 . 6  5 . 7** 2 . 9 5 . 2 4. 3  6.1 
Water 73 . 0 72 . 2* 73 . 6 71 . 6** 74. 3 71 . 8 73 . 0  71 . 3  
She ar cooking loss ,  % 22. 6 22 . 0 20. 2 24. 3 ** 21 . 9 23 . J 18. 6 25 . 4  
Drip loss , % 7 . 5  6 . 7 5 . 4 8 . 9 ** 6. 2 8 . 9 4. 6 8. 9 
Volatile gas loss , � 13 . 8 13 . 9  13 . 2 14. 6  · 14. 1  13 . 5  12. 2 15 . 7 
Panel cooking l o ss , % 21. 4 20. 7 18. 6 23 . 5 ** 20 . 4 22 . 4 16. 8 24. 6 
� 
TABLE 7 CONTINUED 
Weight group 
Weight group Concentr ate level · 
Trait 
Round weight , lb . 
Round roast , lb. 
Round lean trim, lq. 
Round trimmable 
fat , lb . 
Round bone , lb. 
* P < . 05 .  
** p <. 01 . 
1 2 
79 . 8 88. 0** 
36. 8 38. 4  
17. 0 18 . 5 
13. 8 17 . 4** 
12. 2  13. 5 ** 
a Good + = 18 , choice - = 19 , choice = 20 .  
b A- = 24 , A = 23 , A+ = 22. 
c Devoid = 1 ,  small = 5 ,  abundant = 10. 
50% 90% 
83. 5  84. 4 
37. 8 37. 4 
18 . 0 17. 5 
14. 1  17 . l**  




17. 3  
12. 6 
12 . 6  
d Extremely soft = 1 ,  slightly soft = 4,  very firm = 7 .  
e Very dark red = 1 ,  cherry red = 4,  dark pink = 7 .  · 
f Extremely tender = 1 ,  slightly tender = 4,  extremely tough = · 8.  
l 
90� 
80 . 7  
37. 2 
16. 7 
15 . 0  
11. 8 
g Extremely desirable = 1 ,  slightly desirable = 4, extremely undesirable = 8 .  
h Extremely juicy = 1,  slightly juicy = 4 ,  extremely dry = 8.  
50� 
88. 0 






88. 1  
37. 6 
18 . 4  




TAB.LE 8 . ANALYSIS OF VARIA�E MEAN SQUARES FOR 
BULL C ALF CARCASS CHARACTERISTICS 
Concentrate 
x weight 
Errorb Trait Concentratea Weight a interactiona 
Live weight, lb. 1466. 18 365860. 94** 4162 . 48 12.559 . 42 
Dressing percent 40 . 35 **  6 . 25 * 4. 72 1 . 43 
Carcass weight , lb • . 9814. 00 165554. 90 ** 404. 97 5462. 87 
Days on feed 20122 . 91 ** 111310. 10** 686. 24** 6. 90 
Quality grade 20 . 80** 25 . 80** 2 . 09 1 . 05 
Conformation o. oo 5 . 06** 0 . 07  0. 38 
Maturity 1 . 99 ** 6. 46** 1 . 99 **  0 .15 
Marbling o. 68 22 . 67** 0 . 09 0 . 88 
Firmness 15 . 63 ** 23 . 05 ** ' 15 . 63 ** 0 . 23 
Color score 53. 04** 2 . 8 4 .15 * 0 . 94 
Yield grade 3 . 68* 12. 19 ** o . oo 0. 53 
Fat thickness, in. o. 40 ** o.  65 ** .0 . 03 0 . 04 
Rib eye area,  sq . in. 0. 96 1 . 72 0 . 01 1. 23 
Kidney fat , % 2. 77** 1 . 77** 0 . 92** 0 . 12 . 
Shear force 70. 26** 65 . 13 ** 41 . 01 * 8. 78 
Panel tenderness 4. 27* 1. .54 0 . 17 0. 91 
Pat1�l juiciness 0 . 27 0. 26 0 . 10 0 . 28 
Panel flavor 0. 12 1. 04* 0 . 34 0. 23 
Proximate analysis, % 
Protein 6. 66** 43 . 15 ** 45 . 22 ** 0 . 84 
Ether extract 47 . 95 **  16. 41** 0 . 21 2. 15 
Water 46. 53** 7 . 82* 1. 82 1. 38 � 
Shear cooking loss, % 186 .. 32** 6. 01 82 . 77**  10. 58 
Drip loss, % 141. 37 ** 10 . 12 10. 74 4. 28 
Volatile gas loss , % 23 . 14 0 . 11 46. 48 ** 6. 25 
Panel cooking loss, % 274. 38 ** 7 . 92 102. 45 ** ll. 49 
Round weight , lb. 11. 11 708. 49 ** 6. 62 81. 91 
Round roast , lb. 2. 37 26. 99 16. 48 17. 77 
Round lean trim , lb . 2. 32 24. 50 0 . 17 8. 12 
Round f at, lb. 95 . 63 **  136. 46** 2 . 90 10. 24 
Round bone, lb. 9 . 09* 19 • .56** 0 . 07 2. 21 
a Degrees of freedom = 1 .  
b Degrees of freedom = 42. 
* p < . 05 . 
** p < .  01 . 
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over the desired 1 , 250 lb. : final weight for the 50 and 9eyf, concentrate 
groups , respectively. The 9o% concentrate ration significantly 
(P < . 01 ) increased dressing percent.  Bull calves in weight group 2 
· also had higher ( P < . 05 )  dressing percents than bu11 calves in weight 
group 1 .  
Carcass quality grades in the bull calves were influenced by 
both weight group and ration concentrate level. The quality grade 
advantage in weight group 2 appeared to be a result of the significantly 
higher (P  < .  01 ) marbling level. Conf'onnation scores were higher (P  < .  01 ) 
in weight group 2 ,  but this would not influence final quality grade . 
Weight group 2 also had a significantly more youthful (P  <. .  01 ) 
maturity designation, but weight group - 1 had firmer ( P  < .  01 ) lean� 
Marbling level differences did not account for the quality grade 
advantage of the 90% concentrate ration, but the 9(Jf, c oncentrate ration 
did produce c arc asses with significantly (P <: .' Ol ) finner ,  brighter 
colored , more attractive lean. 'lbe softer , darker c olored lean of the 
bull calves on the 50% concentrate ration resulted in some reduction 
in quality grade by the U . S . D. A. grader. 
Tenderne ss as detennined by the Warner-Bratzler shear machine 
was more desirable in steaks from both weight group 1 arid the 90% 
concentrate group. The taste panel gave steaks from the 90% c oncen­
trate group a significantly more favorable tenderne ss rating (P < • 05 ) 
and steaks in group 1 a more desirable flavor rating ( P <  . 05 ) .  
Yield grades were higher in weight group 2 ( P < . 01 )  and from 
bull calves fed the 90% concentrate ration (P <. • 05 ) .  Rib eye area was 
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not influenced by weight group or concentrate level . Weight group 2 , 
however , resulted in significantly ( P < . 01 )  heavier , fatter carcasses 
containing a greater percentage of kidney, pelvic and heart fat. 
Concentrate level did not significantly inf1.uence c arc ass weight , but 
the 90% c oncentrate group had signific�ntly ( P < . 01 )  more fat thickness 
at the twelfth rib and a higher percentage of kidney, pelvic and heart 
fat . The edible portion data from the rounds conformed t o  the yield 
grade data , as there was signific antly (P  <· . 01 ) more trimm.able fat from 
weight group 2 and from the 90% concentrate ration. Weight group 2 
had significantly greater ( P .:::: . 01 ) bone weight than weight group 1 ,  
and the 50% concentrate ration resulted i n  significantly greater ( P < . 05 )  
bone weight than the 90% concentrate group. 
Tenth rib ste ak eye muscles from bull calves in both weight 
group 2 and the 9o% concentrate level had signific antly lower ( P  < .  01 ) 
percentages of protein and higher percentages of ether extract .  Percent 
water was al.so lower in steaks from the bull calves in weight group 2 
(P  < .  05 ) and from the 90% level of concentrates ( P  < .  01 ) .  
Weight group did not affect cooking loss . However ,  ste aks from 
cattle on the 90% concentrate ration had a signific antly ( P  <: .  01 ) higher . 
percentage of c ooking loss from the shear s amples and a hi gher 
percentage of drip loss ( P  < • 01 ) .  
Th e  bull c alves achieved the desired carcass quality grade end 
points of high good and low choice for weight groups 1 and 2 ,  
respectively. Like the heifers and contrasting with the steers , the 
27 lb. m�an carc ass weight differen�e between concentrate l evels was 
48 
too high . To study the effects of r ation energy level on c arcass 
characteri stic s ,  c arc ass wei ght should be the s ame between rati on 
concentrate l evels . 
Ye arling Bull s 
The final slaughter end point desired in weight group 1 
yearling bulls was 1 , 350 pound s .  Ye arling bull s o n  the 50% concentrate 
ration averaged 1 , 371 lb . , while those on the 90% c oncentrate r atio n 
averaged 1 , 335 lb . ( t able 9 ) .  In weight group 2 ,  1 , 500 lb . was the 
desired final wei ght , but both r ation concentrate group s  were heavier. 
The ye arling bulls on the 5o% c oncentrate level averaged 1 , 542 lb . , 
while the bull s on the 90% conc entrate level averaged 1 ,530 pounds . 
Analysi s  of vari a.�ce mean squares in table 10 d emonstrated a signific a..�t 
( P  < . 01 )  dressing percent difference between weight group s .  The mean 
dressing percent for he avier bulls exceeded by 1 . 6% the yield of 
lighter weight bulls .  
The ye arling bulls produced c arc asses which were m ore typic al 
of the commercial bulls presently seen in the trade and thus the U . S . D. A. 
grader de signated them as bull c arc asses and would not apply the same 
standards as applic able to steers and hei fers . Consequently, no quality 
grades are avail able for the ye arling bulls .  The re were no significant 
differences in conformation , lean color or firmne ss . Carc asses from 
\ 
yearling bulls fed the 90% c oncentrate ration h ad  signific antly ( P  < .  05 ) 
higher m arbling scores than bulls fed the 5o% c oncentrate ration.  
Weight group 1 had signifi c antly lower (P  < . 01 ) yield grades and 
less fat thi ckne s s  at the twelfth rib than group 2 .  However ,  there were 
TABLE 9 .  LEAST SQUARE MEAm FOR CARCASS CHARACTERISTICS OF YEARLIID BULLS 
Weight group 
Weight group Concentra·te level 1 2 
Trait 1 2 50% 90% 50� 90% 50% 90% -
Number of c arc asses 12 14 12 14 5 7 7 7 
Live weight , lb . 1353 1536** 1457 1433 1371 1335 1542 1530 
Dressing percent 62. 5  64 . l** 63 . 2 63. 4  62 . 8  62 . 2 63 . 5 64. 6 
Carc ass weight , lb. 846 984** 921 910 862 831 980 989 
Days on feed 124 192 ** 181 136** 145 104 217 168 
Conformation a 21. 0  21 . 0 21 . 0  21 . 0  21 . 0  21 . 0 21. 0 21 . 0  
Maturityb 22 . 1  20 . 4•• 20 . 4 . 22 . l ** 22 . 0 22 . 1  18. 9  22 . 0  
MarblingC 3 . 6 3 . 4 J . 2 3 . 8* J . 2 4 . 0 3 .1 3 . 7 
Finnne ssd 4. 6 4. 6 4. 6 4. 6 4. 6 4. 6 4. 6 4. 7 
Color scoree 3 . 6  3 . 6  3 . 7 3 . 5 ' 3 . 8 3 . 4 3 . 7 3 . 6  
Yield grade 2 . 7 3 . 8** 3 . 4 3 . 2 2 . 8  2 . 6 3 . 9  3 . 7  
Fat thickness , in. o . 48 o . 71 ** 0 . 61 0 . 58 0 . 52 o . 44 0 . 70 0 . 71 
Rib eye area,  sq . in. 14 . 4 14. 1  14 . 1  14. 4 14 . 5 14. 3 13 . 7 14. 5  
Kidney fat , % 1. 9 1 . 9  1 . 9  2 . 0 1 . 9 2 . 0 1 . 9  2 . 0 
She ar forc e 17. 1 18. 6 17. 6  18. 1 17. 5 16. 8 17. 8  19 . 4  
Panel tenderne ssf 4. 6 5 . 2 4. 9 4. 9 4. 5 4 . 7 5 . 3 5 .1 
Panel juicinessg 3 . 7 4. 0 3 . 7 4 . o  J . 4 4. 1 3 .9  4. 0 
Panel fi avorh . 3. 3  J . 2  3 . 2 3 . 3 3 . 3 3 . 3 3 . 0  3 . 3 
Proximate analysis , % 
Protein 23 . 5  23 . 2  23 . 0  23 . 7 22. 9  24. 1  23 . 1  23 . 3 
Ether extrac t 2 . 4 . 3 . 0 2 . 3 3 . 0  1 . 8 2 . 9  2 . 8 3 . 1  
Water 73 . 9 73 . 4  74. l 73 . 2 * 74. 4 73 . 4  73 . 8  73 . 0 
$ 
TABLE 9 CONTiNUED 
Weight group Concentrate level 
Trait 
She ar cooking loss , % 
Drip lo ss ,  % 
Volatile gas lo ss , % 
Panel cooking loss , % 
* p < . 05 . 
** p < . 01 .  
1 2 
25 . 3 25 . 5  
8. 3 9 . 6* 
14. 9 14. 5 
23 . 2 23 . 5  
a Good + = 18 , choice - = 19 , choice = 20. 
b A,. = 24 ,  A = 23 , A+ = 22 .  
c Devoid = 1 ,  small = 5 , abundant = 10. 
50% 90% 
26 .. 3 24. 5 ** 
8. 7 9 . 3  
15 . 2 14. 2 
23 . 3  23 . 5  
50� 
25 . 4  
7 . 9 
15 . 4  
23 . 3  
d Extremely soft = 1 ,  slightly s oft = 4 ,  very firm = 7. 
e Very dark red = 1 ,  cherry red = 4 ,  dark pink = 7. 




25 . 3 27 . 2  
8. 7 9 . 5 
14. 4 15 . 1  
23 . 1  23 . 3 
g Ext.remely de sirable = 1 ,  slightly desir able = 4 ,  extremely undesirable = 8.  h Extremely juicy = 1 ,  slightly juicy = 4 ,  extremely dry = 8. · . 
2 
9 0'� 
2) . 8  
9 . 8  
14. 0 




TABLE 10 . ANALYSIS OF VARIANCE MEAN SQUARES FOR 
YEARLING BULL CARCASS CHARACTERISTICS 
Concentrate 
x weight 
Err orb Trait Concentratea Weight a interac tiona 
Live wei ght , lb. 3674. 00 212712 . 73 ** 877 . 51 6459 . 91 
Dressing percent 0 . 39 14. 84** 4. 84 *  0 . 88 
Carc ass wei ght , lb . 782 . 05 121540 . 62 ** 2494. 80 3115 . 46 
Days on feed 12886. 36** 29425 . 45 ** 101 . 82 ** o . oo 
Conformation o . oo o . oo  o . oo o . oo 
Maturity 17 . 17** 17. 17 ** 14. 32 * *  0. 81 
Marbling 2 . 99 * 0 . 19 0 . 08 0 . 59 
Firmness 0 . 02 0 . 02 0 . 05 o . 46 
Color score o . 42 0 . 01 0 . 08 0. 44 
Yield grade 0. 34 7 . 68 ** o . oo 0 . 28 
Fat thickness , in. 0 . 01 - 0 . 32 **  0 . 01 0. 02 
Rib eye are a ,  sq . in. o . 48 o . 46 1 . 40 1 . 36 
Kidney fat , % 0. 09 o . oo o . oo 0 .16 
She ar force 1. 72 lJ . 62 8 . 44  10. 41 
Panel tenderness 0. 01 2 . 10 0 . 26 0 . 62 
Panel juici ne ss 0. 75 0 . 34 o . 47 o . 42 
Panel flavor 0. 17 0 . 12 O . J..4 0 . 11 
Proximate analysis ,  % 
Protein 2 . 95 0 . 55 1. 61 1 . 03 
Ether extract 3 . J4 2 � 18 0 . 78 0 . 97 
Water 5 . 4J * 1 . 55 0 . 02 0 . 71 
Shear c ooking loss , % 18. 95 * *  0 . 19 16. 35 * *  1 . 71 ... 
Drip loss , % 2 . 06 11. 67 * 0 . 25 2. 39 
Volatile gas loss , % 6. 45 0 . 98 0 . 02 9 .42 
Panel cooking loss , % 0 . 17 0 . 61 0 . 97 14. 86 
a Degrees of freedom = 1. 
b Degrees of freedom = 22. 
* p < . 05 .  
**  p < . 01 .  
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no significant differences in rib eye area or percent kidney, pelvic 
and heart fat between either treatment group. .Approximately one-half 
of the yield grade advantage can be accounted for by the lighter 
carcass weight of group 1 bulls , as each 25 lb. increase in c arcass 
weight increases yield grade by 0 . 1. 
Proximate analysis of the tenth rib steak lean from yearling 
bulls revealed no significant treatment effect on percent protein or 
ether extract. Percent water,  however, was signific antly higher 
(P<. 01 ) in steaks from yearling __ bulls fed the 5o% concentrate diet. 
Steaks from yearling bulls in weight group 2 had a signific antly 
(P  < .  05 ) higher percentage of drip loss , but weight group had no effect . 
on percent volatile gas loss or cooking los s. Percentage of cooking 
loss on the she ar samples was significantly higher (P < . Ol )  on the 5<>% 
concentrate level , but concentrate level did not significantly influence 
percent drip loss ,  volatile gas loss or cooking loss on the taste panel 
steaks . 
Yearling bulls were the only sex group where the mean carcass 
weight for the 9o% concentrate group was less than the 50% c oncentrate 
group.  'lhe difference in carcass weight between concentrate group s in . 
yearling bulls was less than in heifers or bull c alves.  In yearling 
bulls , heifers and steers , the 90% c oncentrate ration signific antly 
increased marbling level. As a group , the yearling bulls averaged 
about o. 6 inch of fat and 14. 3 square inch rib eye areas but received 
less favorable taste panel acceptance than the other sex group s .  
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Experiment-wide Rasul ts 
Data were pooled experiment-wide to provide an overall view of 
the effect of final slaughter weight and ration concentrate level on 
c arc ass com.position. Means in table 11 were detennined using the least 
squares technique due to unequal numbers in subunits . Mean squares ·in 
table 12 include those for sex and indicate signific ant sex effects on 
most traits . Because of the previously cited concerns , sex effects 
wi11 not be discussed. 
Experiment-wide , both the 90% concentrate ration and weight 
·- . 
group 2 had higher (P < . 01 )  c arc ass quality grades and dressing 
percentages .  Factors influencing carcass quality grade , marbling, 
maturity and firmness , were also highly affected (P <: . 01 )  by both 
concentrate level and weight group. Carcasses from the 9o% c oncentrate 
diet received more youthful maturity designations and contained more 
marbling in a finner lean. Weight group 2 had more marbling than 
group 1 but produced a softer , more mature appearing lean. 
Weight group 1 c attle had more desirable U. S . D. A. yield grades 
( P < . 01 ) .  Rib eye area was not significantly influenced by either 
weight group or ration concentrate level. Carcass weight was , of 
course , highly related to weight group, while concentrate level had no 
significant e ffect on carcass weight. '!be 9of, ration concentrate level 
and weight group 2 signific antly (P < . 01 )  increased the percentage of 
kidney, pel vie and heart fat. Cattle in weight group . 2 had signifi­
cantly (P < .  01 ) more measurable fat thickness over the twelfth rib. 
TABLE 11 . 
Tr ai t  
Live wei ght , lb . 
Dressing perc ent 
Carc ass weight , lb . 
Days on feed 
Quality grade a 






Fat thickness , in. 
Rib eye area , sq . in. 
Kidney fat , cf, 
· She ar force 
Panel tendernessf 
Panel juicinessg 
Panel fiavorh · 
Proximate analysis , % 
Protein 
Ethe r extract 
Water 
Shear cooking loss , % 
Drip loss , % 
Vol atile g as loss , % 
Panel cooking loss , % 
LEAST SQUARE MEANS FOR CAICASS CHARACTERISTICS EXPERIMENT-WIDE 
-· 
Weight group 
Weight group Concentrate level 1 
1 2 50% 90� 30% 90% 50� 
1121 1273 **  1199 1195 1131 1110 1266 
62 . 6  64 . l ** 62 . 7  64 . 0 ** 61 . 9  63 . 3  63 . 4  
702 815 **  752 766 700 704 803 
205 286** 264 224* *  221 189 306 
18. 4 19 . 7** 18. 6 19 . 5 **  18. J 18. 5 18 . 9 
21 . 6 21 . 8  21 . 6 21 . 8  . 21 . 4  21. 7 21. 8 
22 . 8  22 . 2 ** 22 . 2 . 22 . 7**  22 . 7 22 . 9  21. 7  
4. 6 5 . 4** 4. 7 5 . 3 **  4. 4 4. 8 5 . 0 
5 . 5 5 . 3 ** 5 . 3 5 . 5 ** 5 . 6  5 . 5 5 . 0  
4. 2 4. 2 3 . 9 4. 5 **  4. 0 4. 4 3 . 8  
3 . 5 4. 5 **  3 . 9 4. 0 3 . 4  3 . 6 4. 5 
0 . 61 o . 83 ** 0 . 69 0 . 74 0 . 57 o . 64 0 . 82 
11. 5  11 . 8  11 . 5 11 . 8  11 . 4  11 . 6 11 . 6 
2 . 8  3 . 0 ** 2 . 8 3 . 0 ** 2 . 5 3 . 1  J . O  
16. o 18. 4 ** 17 . 6 16. 8 17. 0 15. 0 18. 2 
3 . 4  3 . 9 ** 3 . 8  J . 5  3 . 5  3 . 3  4. 0 
3 . 8  3 . 7 3 . 6  J . 8  3 . 7 3 . 9  J . 6  
3 . 0  3 . 1  J . O  3 . 1  J . O  3 . 0  3 . 0  
22 . 8 21 . 7** 22 . 1  22 . 4 . . 22. 1  23 . 4 22 . 1  
4. J · 5 . 6**  4. 4 5 . 6** 3 . 9  4. 8 5 . 0 
72 . 5  71 . 6** 72 . 6  71 . 4** 73. 1  71. 9  72 . 2 
23 . 3  2J . 3  22 . 9 23 . 7  22 . 7  23 . 8  23 . 0  
7 . 4 7 . 6 7. 0 8 . 0 ** 7. 0 7 . 7  7 . 1 
14. 8 14. 8 14 . 7  14. 8 14. 7 14. 9 14. 8 








21 . 9 
22. 7 
5 . 9  
5 . 5  
4. 6 
4. 5 
o . 85 
12 . 0  
J . O 
18. 5 
J . 7 
3 . 8  
3 . 2  
21 . 3 
6. J 
70 . 9  
23 . 6  
8 . 2 
14 . 8  
23 . 0  
\.1' 
� 
TABLE 11 CONTINUED 
-
Weight group Concentrate level 
Trait 




Round weight , lb . · 
Round roast , lb . 
Round le an trim , lb. 
Round trimmable 
fat , lb . 
Round bone , lb. 
* P < . os .  
** p < . 01 .  
1 2 
58 . 2  55 . 0 ** 
28 . 6  )2 . 3 * *  
13 . 2  12 . 7 
75 . 2  8) . 4** 
33. 6 34. 8 
15 . 0  16. 6** 
15 . 2  19 . 4* *  
11 . 4  12 . 5 ** 
a Good + = 18 , choice - = 19 , choice = 20. 
b A,.. = 24 ,  A = 23 , A+ = 22 . c Devoid = 1 ,  small = 5 ,  abundant = 10 . 
50% _-12J:. 
57 . 9  55 . J ** 
28 . 7 32 . 2 ** 
13 . 4 12 . 5 ** 
78. 7 79 . 9 
33 . 9  34. 5 
16. 3 . 15 . 3  
16. 4  18 . 2* 
12 .1  11 . 9 
50% 
58 . 9  
27. 5 
l} . 6 
75 . 0  
32 . 7  
16. 1 
14. 4 
11 . 6  
d Extremely soft = 1 ,  slightly soft = 4 ,  - very fi�n = ?.  e Very d ark red = 1 ,  cherry red = 4 ,  d ark pink = 7 .. 
r Extremely tender = 1 ,  slightly tender = 4 ,  extrienely tough = 8.  
Weight group 
1 2 
90% 50% - -- -�20% 
57 . 5  56 . 8  53 . 1  
29 . 7 29 . 9  34. 6 
12. 8 13 . 2 12 . J 
75 . 2 82 . 5  84. J 
34. 3 34. 9 34. 6 
14. 0 16. 6 16. 7 
16. 0 18. 3 20 . 5 
11 . 2  12 . 5  12 . 5 
g Extremely de sirable = 1 ,  slightly desir able = 4 ,  extremely undesirable = 8.  




Live weight , lb. 
Dressing percent 
Carc ass weight , lb . 
Days on feed 







Fat thickness , in. 
Rib eye are a ,  sq. in. 
Kidney fat , % 




Proximate �nalysis , % 
Protein . 
Ether - extract 
Water 
Shear cooking loss , % 
Drip loss , % 
Volatile gas loss , % 
Panel cooking loss , % 
TABLE 12. ANALYSIS OF VARIANCE MEAN SQUARES FOR 
CARCASS CHARACTERISTICS EXPERIMENT-WIDE 
Sex a Concentrateb Weightb 
1011346. 00 ** 493. 67 812157. 05**  
1842 . 92 ** 6172 . 78** 7434. 21 ** 
374675 . 00 ** 6989 . 76 446424. 02 ** 
102158. 00 ** 56399. 92** 204484. 72** 
12. 84*� 23 . 86** 53. 45 ** 
9 . 77** 2 .17 2. 37 
19 . 88** 9.  63** 11 . 20 ** 
32. 46** 11 . 72 ** 25 .li-3 ** 
10. 71** 1 . 49 ** 2 . 24** 
31 . 38** 12 . 52 ** o . oo 
12 . 37 ** 0 . 28 31.  32**  
0 . 48 0 . 01 3 . 33 **  
104. 96** 3 . 96 J . 20 
15 . 57 ** 1 . 94** 1 .  69 **  
20. 52 24 . 35 182 . 45** 
26. 43 ** 2. 57 8. 02**  
0 . 70 1 . 11 0 . 07 
0 . 88** 0 . 05 0� 25 
. 18 . 70** 2 . 64 39 . 38** 
129 . 34** 42 . 69** 57. 68** 
87. 37** 49 . 10 ** 29 . 03 ** 
60 . 70** 21 . 69 o . oo 
31 . 89 ** 29 . 11**  2 . 14 
20.  05 * 0 . 34 . o .  69 
JO .  73 * 46. 14* 0 . 59 
Concentrate Degrees 
x weight of 
interactionb freedom 
10243 . 25 146 
45 . 12 146 
3382 . 79 146 
2257. 08** 146 
12 . 85 ** 123 
0 . 72 146 
7 . 76** 146 
2 . 15 146 
3 . 08**  146 
. o. 72 146 
0 . 60 146 
0. 27 146 
0 . 16 . 146 
2 . 87**  146 
. 44. 66* 138 
0 . 00 138 
0. 02 138 
0 . 33 138 
37. 48** 138 
1 . 75 138 
0 . 11 138 
1 . 44 137 
0 . 94 137 
0 . 14 137 
2 . 74 137 
Error 
9849 . 06 
366. 62 
4800 . 98 
2 . 26 
0 . 99 
o . 63 
0 . 20 
0 . 78 
0 . 23 
0 . 71 
0 . 52 
o . 41 
1 . 06 
0 . 19 
8. 02 
0 . 70 
o . 41 
0 . 17 
0 . 86 
2 . 68 .  
1 . 60 
6 . 27 
3 . 42 
6. 38 








Round weight , lb . · 
Round roast , lb. 
Round lean trim , lb . 
Round fat , lb . 
Round bone , lb . 
a Degrees of freedom = 3 .  
b Degrees o f  freedom = 1 .  
c Degrees o f  freedom = 2 . 
* P <. 05 . 
**  p <. 01 . 
Sex a 
287. 57** 
352 . 11 * *  
5 . 02**  
1303 . 99** 
472 . 04** 
29.5 . 73 ** 
117. 80 ** 
58 . 40** 
TABLE 12 CONTINUED 
Concentrate Degrees 
x weight o f  
inter2ctionb freedom Error Concentrateb. _____ W_e_i_gh_t_b __________________ �-----------
87. 40 ** 
156. 61** 
9 . 77** 
38. 84 
9 . 16 
27 . 56 
100. 21* 
1 . 03 
" ' ' '  
140. 42** 





510.  53 ** 
32.  92 ** 
18 . 53 
21 . 79 
0 . 10 
10 . 66 
23 . 31 
35 . 53 *  
2. 43 










8 . 72 
0 . 89 
70 . 60 
15 . 66 
7. 16 
14. 64 




The yield grade data were substantiated by the physic al  
separation data. Percent edible portion was signific ant�y higher 
( P � . 01 ) on the 50% concentrate ration and in weight group 1 .  Percent 
· trimmable fat was also lower (P < .  01 ) in weight group 1 and on the 
c attle fed the 50% concentrate ration. Percent bone was higher (P < . 01 )  
from cattle fed the 50% concentrate ration. Round weight , lean trim, 
trimmable fat and bone weights were significantly ( P  <.  01 ) higher in 
weight group 2.  The 90% concentrate group had significantly more 
( P < . 05 )  trimmable fat from the �ound , but round weight , roast ,  lean, 
trim and bone weights were not influenced by concentrate level. 
Warner-Bratzler shear values were significantly higher ( P  < . 01 )  
in the weight group 2 cattle . '!he fact that cattle in weight group 1 
required less time in the feedlot and thus were slaughtered at younger 
ages may be one reason why cattle in weight group 1 were more tender. 
This view would agree with the work of Field et .!!· (1966 ) ,  Arthaud 
(1963 ) and Goll � al. (1965 )  who reported that as animal age increased 
tenderness decreased . Tuma !!. .!!· (1962 ) reported that slaughter age 
with marbling level held constant had a greater inf'luence on tenderness 
than marbling when age was constant. 
The taste panel rated steaks from weight group 1 significantly 
more tender ( P < . 01 )  than steaks from group 2.  A significant (P  < . 01 )  
interaction was observed for taste panel tenderness . Steaks from . 
weight group 1 on the 90% concentrate level were rated most tender by 
both the panel and shear. The panel also rated steaks fran weight 
group 2 significantly more juicy (P < . 01 ) .  Cattle fed the 9o'f, 
concentrate ration had a significantly higher (P <. . 05 )  pe rcentage of 
cooking loss from the taste panel samples and a higher (P < .  01 ) · 
percentage of drip loss . 
Both weight group and ration concentrate leve l signific antly 
influenced the proximate analysis of the lean of steaks taken from the 
tenth rib sectj_on. Steaks from cattle in group 1 contained signifi­
cantly ( P � . 01 )  higher levels of protein arrl: water and lower levels of 
e ther extract than group 2.  F\J.rthermore, steaks from c attle fed the 
90% concentrate ration contained a significantly higher ( P <. Ol) 
percent�ge of e ther extract but a lower percentage . of water. 
Al.though direct  sex group canparisons were not made, some of 
the same traits were influenced by weight group and concentrate level 
within e ach sex group.  Both fat thickness and yield grade increased 
significantly (P < . 01 )  as weight increased in each sex group. In bull 
calves, steers and heifers, weight group significantly influenced 
marbling, percent kidney fat, Warner-Bratzler shear force , percent fat, 
protein and water, round weight and round fat weight. Concentrate 
level appeared to have more influence on carcass traits in  heifers and 
bull calves than in steers and yearling bulls. This may be due in part 
to the greate r difference in mean carcass we ight between concentrate 
levels in heifers -and bull calves. In bull calves and heifers, 
concentrate level had a statistically signific ant in:f'luence on dressing 
percent, quality grade, marbling level, percent kidney fat, and percent 
protein, ether e xtract and water. 
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Simple Correlations 
The s:imple correlations between all the vari able traits studied 
are pre sented in appendix table 1.  Correlation coefficients between 
some selected traits are presented in table lJ . Only c attle on which 
the sides were completely separated into edible portion , trimmable fat 
and bone were used to determine the correlations . Cutability i s  defined 
as the percentage of closely trimmed retail cuts from the round , loin, 
rib and chuck . It was therefore necessary to derive cutability from 
the physic al separation data of the sides. These data were available 
on all four pens of  steers , pens 1 and 5 of the heifers and pens J8 , 
40 , 4J and 47 of the bull c alves.  No data from the yearling bulls 
were included in this analysis .  
Many of the correlations equaled or exceeded the 5� and 1% 
levels of signific ance.  However ,  several of the statistic ally signifi­
cant ·correlations were low and of no practical value . 
Quality grade , ;-1hich consumers view as a guide to palatability, 
was highly related to marbling ( r  = 0. 87 ) , color ( r  = 0 . 39 )  and percent 
ether extrac t ( r  = 0 . 74) and negatively correlated with perc ent water 
(r = - . 66 )  and percent protein (r = - . 49 ) .  There did not appear to be 
any signific ant relationship between marbling and Warner-Bratzler shear , 
taste panel flavor , juiciness or tenderness.  Contrasting results were 
reported by Schafer ( 1968 ) who found no significant correlation of 
marbling an:i quality grade to Warner-Bratzler she ar values but large 
and highly significant correlations between both marbling level and 
quality grade and panel ten:lerness,  juiciness and f"l.avor. 
TABLE 13 . SIMPLE CORRELATION COEFFICIENTS BETWEEN CARCASS DATA AND 
MARBLI NG ,  QUALITY GRADE , IlELD GR illE ,  PERCENT EDIBLE PORTION, 
WARNER-BRATZLER SHEAR VALUES A�D TASTE PANEL TENDERNESS 
Warner-
Percent Bratzler 
Quality Yield edible shear 
Trait Marblin� �rade grade :eorti on values 
Live weight , lb. 0 . 34 ** 0 . 22 0 . 38 ** - . 03 0 . 37 ** 
Carc ass weight , lb . o .  39 ** 0 . 29 * o . 48 ** - . 15 0 . 36 ** 
Rib eye are a,  sq . in. 0 . 12 0. 02 - . 16 0 . 35 ** 0 . 16 
Fat thickne s s ,  in. I 0 . 41 ** o. 39 ** o . 91 ** - . 60 ** 0 . 27 * 
Internal fat , % 0 . 26 * 0 . 16 0 . 55 ** - . 34* *  0 . 08 
Yi eld grade o. 38 ** 0 . 36** -- - . 68 ** 0 . 28 *  
Cutabili ty - . 34** - · 39 ** - .  69 ** - . 96** ' - . 13 
Edible portion ,  % - · 37 ** - . 42 ** - . 68 ** ; - . 07 --
Trimmable fat ,  % 0 . 35 ** o . 44 ** o . 72 ** - . 97** 0 . 09 
Quality grade 0 . 87 ** -- 0 . 36 ** . - . 42 ** 0 . 07 
Marbling . 0 . 87 ** 0 . 38 ** - . 37 ** 0 . 18 --
Color 0 . 11 o. 39 ** 0 . 17 - .  39 ** - . 29 * 
Warner-Bratzler shear 0 . 18 0 . 07 0 . 28 * - . 07 --
Panel tenderness 0 . 16 0 . 07 0 . 13 0 . 22 o . 68 ** 
Panel juiciness · - . 07 - . 05 0 . 07 0 . 02 0 . 24* 
Panel fl avor 0. 05 - . 05 0 . 08 0 . 04 0 . 35 ** 
Pr otein , % - .  48 ** - . 49 ** - . 25 * 0 . 20 - . 36** 
Ether extract,  % o . 61 ** 0 . 74** o . 40 ** - . 49 ** - . 03 
Wate r ,  % - . 53 ** - . 66** - . 41 ** 0 . 52 ** 0 . 07 
* r > 0 . 23 signific ance at P < . 05 (degrees of frec�dom = 70 ) .  





0 . 54** 
0 . 52 ** 
o . 40 ** 
0 . 15 
o .  03 . 
0 . 13 
0 . 17 
0 . 22 
- . 20 
0 . 07 
0 . 16 
- . 37 ** 
o . 68 ** 
o . 41 ** 
o . 46** 
- . 20 
� - . 10 
0 . 15 
� 
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In view o f  the economic importance of the quality grade in 
today ' s beef industry, it is interesting that it has so little corre­
lation wi th palatability and yet is negatively correlated with percent 
edible portion and cutability. U. S . D. A. yield . grade was highly 
correlated with percent edible portion ( r = - . 68 ) ,  percent trimmable 
fat ( r = 0. 72 ) ,  percent internal fat (r = 0 . 55 ) ,  fat thickne ss . over the 
twelfth rib ( r = 0 .91 ) , warm carcass weight ·(r = 0 . 48 )  and cutability 
(r = 0. 69 ) .  Yield grade appeared to predict cutability ( r = - . 69 )  and 
percent edible portion ( r = - . 68 )  with th� same degree of accuracy 
because ·of the close relationship between these two measures of yield 
( r = 0 . 96 ) .  Percent edible portion also demonstrated a close but 
negative association with both percent trimmable fat (r = - . 97 )  and 
fat thickness ( r = - . 60 ) .  
Warner-Bratzler shear was significantly correlated with panel 
tenderness (r = 0 . 68 )  and live weight (r = 0. 37)  but very lowly 
correlated with quality grade ( r = 0. 0?) and marbling ( r = 0 . 18 ) .  
Panel tenderness values demonstrated a moderate relat�onship with live 
weight ( r = 0 . 54) and rib eye area (r = 0 . 40 )  but were not influenced 
by m·arbling level or quality grade . Studies have shown that tenderness 
was the most important factor in consumer acceptance of beef ( Pearson, 
1966) , yet quality grade appeared to be a poor measure of tenderness as 
determined objectively on the Warner-Bratzler shear.  Live weight and 
days on feed ( appendix table 1 )  were highly correlated with shear 
tenderness , which suggested that animal age influences tenderness more 
than mar�ling or quality grade. Taste panel flavor and juiciness scores 
were not influenced by marbling or quality grade . These findings are 
in conflict with thos e  found by Schafer (1968 ) who reported highly 
signific ant correlations of marbling and quality grade on taste panel 
flavor and juiciness . 
6) 
This study has indic ated that ration concentrate level has more 
influence on qualitative than quantitative carcass traits .  The simple 
correl ations between qualitative trai ts and tenderness were small. 
Mean Warner-Bratzler shear values in the heifers,  steers and bull 
c alves were all very acceptable. 
There are pre sently large price differentials between steers 
and young well-fed bulls. Yet young bulls produce a higher percentage 
of consumer apne aling edible portion and can be fed efficlently to 
heavier weights .  It appears that feeding young bulls i s  a way to 
efficiently increase the beef supply. FUrther research in feedlot 




Carc ass characteristics from yearling bull s ,  bull c alve s ,  
heifers and steers fed either a 50 o r  90% concentrate ration to two 
slaughter weight groups were studied. The carcasses used in this study 
were obtained from a feedlot performance trial. The 162 head of 
Hereford cattle were from the experimental cow herd at the Pasture 
Research Center , Norbeck , South Dakota, a.rd were genetically related. 
The experiment was designed so that weight group 1 cattle would 
be fed to the average or high go6d grade. It was felt this point 
would be reached when heifers weighed approximately 950 lb. , steers 
1 , 050  lb. , bull calves 1 , 100 lb. and yearling bulls 1 , 350 pounds . 
Weight grou:p 2 c attle were fed lip to the choice grade . Heifars 
weighed 1 ,100 lb. , steers 1 , 200 lb. , bull calves 1 , 250 lb. and 
ye arling bulls 1 , 500 p�unds.  The primary objectives were to study 
differences in the weight groups and effects of the concentrate levels 
used in arriving at the final weights . 
When the c attle in each pen reached the desired weight, they 
were slaughtered at a commercial packing company and the following 
data were obtained after a 72-hour chill : carcass weight , quality 
grade , conformation, maturity, marbling , color and firmness scores , · 
fat thickness at the twel�h rib , rib eye area, percent kidney, pelvic 
and heart fat and yield grade . 
The right sides or the ribs and rounds from the right side s were 
transported to the South Dakota State University meat laboratory for 
physical separation into semiboneless retail cuts , fat and bone . Steaks 
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were taken from the rib for proximate analysis , taste p'ane1 studies and 
tenderness determination on the Warner-Bratzler shear machine . 
The experiment was not ·designed to study sex effects . However , 
experiment-wide analysis of variance showed that sex group had a highly 
significant (P < . 01 )  effect on nearly all �raits studied.  Results 
revealed that weight group generally had more effect on c arcass composi­
tion than the ration energy level used to arrive at that weight. To 
examine the effects of concentrate level on carcass characteristics,  
carcass weight between ration energy lev�ls should be the same . The 
c arcass ·weight differences between concentrate levels for the heifers ,  
steers , bull calves and yearling bulls were .35 , 6 ,  21 and 11 lb. , 
respectively. Ration concentrate level influenced the largest number 
of traits in heifers and bull calves. The large c arcass weight differ­
ence between concentrate level was a source of experimental error which 
may have inf'luenced the observed effects of ration concentrate level 
on carcass characteristics. 
Both the 9o% c oncentrate level and weight group 2 significantly 
(P < . 01 )  increased quality grade , marbling level , maturity, firmness 
score and percent kidney, pelvic and heart fat . Weight group 1 had 
significantly more (P < . 01 )  desir able yield grades , a higher percentage 
of edible portion ·and a lower percentage of fat. Fat thickness was 
signific antly less  ( P  < .  01 ) in group 1. Rib eye areas were not 
significantly affected by treatment. 
The taste · panel rated steaks from group 1 signific antly (P < . 01)  
more tender . Percent cooking los s of the taste panel steaks ( P < . 05 )  
and the percent drip loss (P < . 01 ) were greater in s te ak s  from. c attle 
on the 90% c o ncentrate r ation. 
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Results from the proximate analysis of tenth rib ste ak eye 
muscles indic ated that lean from c attle in weight group l c ontained a 
signific antly higher (P < . 01 )  percentage of pro tein . Steaks fran c attle 
in weight group 1 and on the 50% concentrate rati on h ad a signific antly 
higher ( P < . 01 )  perc ent age of water and a lower (P < . 01 )  percent age of 
fat in the muscl e . 
The highe st group of c orrelations appeared between the 
quantitative c arc ass trai ts . Percent edible portion was highly corre­
lated with percent trimmable fat , perc ent internal fat , fat thickness 
over the twelfth rib , cutabilitv and w arm  carcas s  wei ght . The quality 
trai ts (marbling , Warner-Bratzler shear , panel tenderness·, juicine s s  
and f1.avor , percent cooking loss , quality grade and maturity) were not 
very highly related to the other traits studied .  The correlation 
between quality grade and p al atability was very low. It appear s  that , 
within young well-fed c attle , quality grade is a poor indic ator of 
palatabili ty. 
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